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PREFATORY  NOTE  TO  THE  FOURTH  EDITION. 


A  New  Edition  of  this  book  being  called  for,  I  have  taken 
advantage  of  the  opportunity  to  make  several  additions  and 
corrections ;  thus,  there  will  be  found  descriptions  of  some 
new  processes  for  preparing  white  lead  which  seem  to  intro- 
duce new  principles  of  preparation,  but  it  may  be  noted  that 
others  have  been  patented  but  do  not  seem  to  have  been  used 
or  to  incorporate  any  new  points.  The  Chapter  on  Lakes  has 
been  enlarged,  and  the  use  of  many  recently  discovered  coal- 
tar  dyes  for  making  lake  pigments  is  described.  In  the 
Chapter  on  Machinery  new  paint  machines  are  described.  No 
change  has  been  made  in  the  plan  of  the  book,  it  being  evident 
that  it  meets  with  favour  from  readers  and  critics  in  its  present 
form.  The  Author  desires  to  thank  many  correspondents 
and  friends  who  have  made  many  valuable  suggestions  and 
afforded  much  information  which  will  be  found  embodied  in 
the  additions  that  have  been  made. 

I  may  perhaps  be  allowed  to  call  attention  to  the  little 
book  "The  Painters'  Laboratory  Guide,"  issued  by  the  same 
publishers  as  the  present  volume ;  this  book  is  very  suitable 
for  the  young  Colour  Maker  or  Paint  Chemist  as  it  gives 
a  detailed  account  of  many  experimental  tests,  &c.,  that  can 
be  easily  carried  out  without  special  or  elaborate  apparatus, 
and  yet  are  accurate. 

GEORGE  H.  HURST. 


PEEFACE. 


In  offering  the  following  pages  to  Practical  Workers  and  others 
interested  in  the  wide  subject  of  Painters'  Colours,  Oils,  and 
Varnishes,"  my  aim  throughout  has  been  to  combine  theory 
and  practice,  and  to  show  the  scientific  principles  that  underlie 
the  methods  in  constant  use.  Naturally — and  one  may  say 
unavoidably — there  has  grown  up  in  the  course  of  years,  in 
connection  with  Colour-making,  as  with  every  other  industry, 
a  good  deal  of  what  is  known  as  "Rule  of  thumb"  procedure. 
The  amount  of  this  that  prevails,  however,  has  been  greatly 
overrated,  and  we  are  not  far  distant  from  the  day  when 
"  Rule  of  thumb  "  will  be  generally  supplemented  among  us  by 
an  intelligent  appreciation  of  the  scientific  principles  involved. 
To  give  the  rationale  of  every  technical  process  is,  nevertheless, 
by  no  means  an  easy  task,  and  all  that  I  can  hope  to  have 
effected  is  the  placing  before  the  reader  such  a  description  of 
the  various  processes  and  their  underlying  principles,  as  shall 
be  really  helpful  in  practical  work. 

The  information  given  as  to  the  properties  and  preparation 
of  Pigments,  is  either  based  on  my  own  experience,  or  drawn 
from  the  most  trustworthy  sources.  For  a  revision  of  the 
chapter  on  Varnishes,  and  many  excellent  suggestions,  I  am 
indebted  to  a  personal  friend,  practically  engaged  in  their 
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manufacture.  My  best  thanks  are  due  to  him,  and  also  to 
Messrs.  Brinjes  &  Goodwin,  Follows  &  Bate,  Ritchie  &  Co., 
Rose,  Downs  &  Thompson,  and  Rushton,  Irving  &  Co.,  who 
have  kindly  furnished  for  the  work  illustrations  of  the  newest 
types  of  Paint  and  Oil  Machinery. 

GEORGE  H.  HURST 


Chemical  Laboratory, 

22  Blackfriars  Street, 

Manchester,  October^  1892, 
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PAINTERS'  COLOURS,  OILS, 
AND  VARNISHES. 


CHAPTER  I. 

INTRODUCTORY, 

COLOUR,  COLOURS,  PAINTS,   AND  VARNISHES. 

Colour  is  a  term  used  by  persons  in  several  senses ;  hence 
confusion  sometimes  arises,  although,  as  a  rule,  the  context 
leaves  no  doubt  as  to  the  particular  sense  intended.  When  a 
beam  of  white  light  is  made  to  pass  through  an  angle  of  a  tri- 
angular prism  in  a  certain  panner,  and  the  light  which  has 
passed  through  is  received  upon  a  screen,  we  find  that  it  has  under- 
gone a  wonderful  change ;  instead  of  being  one  uniform  colour, 
as  it  was  originally,  it  is  spread  out  into  a  band  of  many  colours, 
ol  which  seven  can  readily  be  distinguished — viz.,  red,  orange, 
yellow,  green,  blue,  indigo,  and  violet.  We  see  these  colours  by 
the  effect  or  sensation  produced  by  their  action  on  the  retina  of 
the  eye  ;  in  a  sense,  therefore,  these  colours  have  an  abstract 
existence  only,  we  can  see  them  by  the  eye,  but  we  cannot 
handle  them  as  we  can  a  piece  of  cotton.  When  we  speak  of  a 
red  colour  or  a  green  colour,  we  use  the  term  colour  "  in  an  ab- 
stract sense  to  indicate  the  sensation  which  these  colours  create 
in  our  eyes.  On  the  other  hand,  we  often  speak  of  coloured 
bodies  (that  is  bodies  which  give  the  sensation  of  being  coloured 
when  we  look  at  them)  as  "  colours,"  especially  when  (as  with 
vermilion,  chrome  yellow,  emerald  green,  Prussian  blue,  and 
magenta)  they  can  be  used  to  impart  colour  to  other  bodies. 
In  this  way  "colour"  is  used  in  a  concrete  sense  to  indicate 
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tangible  bodies  which  have  the  power  of  causing  other  bodies  to 
which  they  may  be  applied  to  create,  so  to  speak,  the  sensation 
of  colour.  Although  the  subject  is  one  of  some  importance  to 
users  of  colours,  it  is  not  intended  to  enter  here  into  a  long  dis- 
cussion of  colour  from  an  abstract  point  of  view,  inasmuch  as 
space  does  not  admit  of  doing  so  in  any  adequate  manner,  the 
reader  must,  therefore,  be  referred  to  other  works  specially 
devoted  to  the  consideration  of  the  subject. 

The  Spectrum- Colours. — When,  then,  a  beam  of  white  light 
is  passed  in  a  particular  manner  through  the  edge  of  a  triangular 
prism,  it  undergoes  two  changes — (1)  the  direction  of  its  course 
is  altered,  i.e.,  it  becomes  refracted ;  and  (2)  the  beam  of  white 

light  is  separated  into  a 
divergent  band  of  several 
differently- coloured 
light-rays.  Fig.  1  repre- 
sents the  path  of  a  beam 
of  light  through  a  tri- 
angular prism ;  a  is  a  ray 
travelling  in  the  direc- 
tion of  the  arrow  which 
strikes  the  prism  at  c.  If 
the  prism  had  not  been 
there,  it  would  have 
passed  on  and  would 
have  fallen  upon  the 
screen,  5,  s,  at  h  ;  but  the 
prism,  bending  it  out  of 
this  course,  refracts  it  as 
shown  at  c;  it  then  passes 
through  the  prism  in  the 
new  direction  until  it 
emerges  at  d,  where  it  is  again  refracted  so  as  to  take  the  new 
direction,  dy  /.  As  the  amount  of  refraction  differs  for  each  ray 
according  to  its  colour,  the  result  is  that  the  original  white  beam 
of  light  is  differentiated  into  a  long  band  of  numerous  distinct 
colours,  known  as  the  spectrum,  which  extends  from  e  to  /on 
the  screen.  The  rainbow  is  a  spectrum  of  this  kind  formed  by 
the  refraction  of  the  sun's  light  during  its  passage  through  the 
drops  of  water  in  a  shower  of  rain.  In  the  latter  case,  however, 
the  spectrum  is  seen  in  front  of  the  drops,  not  behind  them,  as 
it  is  formed  by  the  rays,  which,  falling  on  the  drops,  pass  to  the 
back,  and  are  then  reflected  so  as  to  emerge  again  on  the  side 
nearest  the  sun. 
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The  colours  of  the  spectrum  are  pure  colours— they  cannot 
be  further  split  up;  if,  say,  the  red  part  of  the  spectrum  be  passed 
through  a  second  prism,  no  new  colours  are  produced ;  the  light 
which  passes  through  the  second  prism  is  still  red,  although  it  is 
distributed  over  a  wider  surface.  It,  therefore,  follows  that  there 
are  really  a  very  large  number  of  simple  colours  in  the  spectrum, 
although,  owing  to  the  limitations  of  language,  it  is  impossible  to 
separate  and  name  every  one  of  these  in  a  popular  manner; 
although  scientists  can  do  so  in  another  manner  which  it  is  not 
necessary  to  describe  here.  It  is,  however,  customary  to  follow 
the  lead  of  Sir  Isaac  Newton,  who  discovered  this  property  of 
white  light,  and  to  distinguish  seven  colours — viz.,  red,  orange, 
yellow,  green,  blue,  indigo,  and  violet;  but  it  should  be  distinctly 
understood  that  in  the  spectrum  there  is  no  well-marked  line  of 
division  between  these  seven  so-called  primary  colours ;  the  red 
passes  insensibly  into  the  orange,  the  orange  into  the  yellow,  and 
so  on  through  the  other  colours  in  the  order  given  above. 

White  from  Coloured  Light. — By  passing  the  spectrum 
colours  through  a  lens,  or  through  another  prism,  in  a  particular 
manner,  the  seven  colours  can  be  recombined  so  as  to  form  white 
light.  It  is  not  even  necessary  to  use  all  the  spectrum  colours, 
as  two  or  three  will  suffice  if  properly  selected.  Thus  blue  and 
yellow  will  when  united  form  white  light ;  as  also  red,  green,  and 
blue,  and  many  other  combinations,  particulars  of  which  will  be 
found  in  special  books  on  Colour,  such  as  those  of  Professor 
Church  and  Mr.  W.  Benson.  The  consideration  of  this  property 
of  a  few  of  the  spectrum  colours  combining  together  to  form 
white  light  led  Young,  and,  later,  Helmholtz,  to  consider  that 
there  are  only  three  primary  colours,  red,  green,  and  blue,  from 
which  all  the  other  colours  can  be  obtained ;  thus,  by  combining 
red  and  green,  yellow  is  produced ;  or  by  combining  red  and  blue 
violet  is  the  result. 

Light  from  Coloured  Bodies. — When  the  light  which  is 
reflected  from  the  surface  of  a  coloured  body  like  vermilion  is 
passed  through  a  prism,  it  is  found  to  yield  a  spectrum ;  not, 
however,  a  complete  one,  such  as  is  got  from  a  ray  of  white  light, 
but  one  more  or  less  incomplete ;  thus,  vermilion  gives  a  spec- 
trum containing  some  red,  orange,  and  a  little  blue  light ;  chrome 
yellow  again  gives  a  spectrum  showing  a  few  red,  some  yellow, 
and  some  green  rays ;  in  each  case  the  eye  distinguishes  the 
effect  due  to  the  combined  action  of  all  these  rays  on  the  retina. 
No  artificial  colouring-matter  is  known  which  reflects  rays  of  one 
colour  only ;  in  every  case  the  rays  of  the  dominant  colour  are 
mingled  with  those  of  other  colours.    The  light  from  some  bodies 
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is  of  a  very  complex  character,  while  that  from  others  is  com- 
paratively simple.  It  is  this  complexity  in  the  composition  of 
the  light  reflected  that  makes  it  so  difficult  to  demonstrate  the 
true  laws  and  facts  of  colour  with  pigments  or  any  artificial 
colouring-matters. 

Cause  of  Colour  in  Coloured  Bodies. — The  actual  reasons 
why  bodies  such  as  vermilion,  magenta,  or  emerald  green  are 
coloured,  it  is  almost  impossible  to  investigate  in  the  present 
state  of  knowledge,  since  the  cause,  whatever  it  may  be,  must 
be  due  to  the  molecular  construction  of  the  different  compounds 
about  which  very  little  is  known ;  still,  we  know  something  of 
some  of  the  reasons  why  coloured  bodies  appear  coloured.  When 
light  falls  upon  a  substance,  the  light  may  be  affected  in  one  or 
two  ways ;  it  may  be  reflected,  that  is,  it  may  be  thrown  back 
from  the  iDody;  or  it  may  be  transmitted,  that  is,  it  may  pass 
through,  or,  in  some  cases,  be  absorbed  by  the  body  on  which  it 
has  fallen.  As  a  rule,  there  is  never  either  complete  reflection 
or  complete  transmission  of  light,  the  most  perfectly  reflecting 
body  allowing  some  rays  to  pass  into  it.  It  is  by  reflected  light 
that  we  see  bodies ;  when  the  reflection  is  complete,  or  as  nearly 
so  as  is  the  case  with  mercury  or  a  very  highly  polished  plate  of 
silver,  the  body  is  nearly  invisible ;  it  is  only  rendered  visible 
because  it  does  not  reflect  all  the  light  which  falls  upon  it  in  a 
regular  manner ;  some  is  irregularly  reflected  and  it  is  this  light 
which  enables  us  to  see  the  body.  Two  kinds  of  reflection  can, 
therefore,  be  distinguished— regular  and  irregular.  Regular  reflec- 
tion is  that  where  the  light  is  thrown  back  in  a  straight  line  from 
the  reflecting  surface ;  if  this  is  perfect,  only  the  light  that  is 
reflected  is  seen,  the  reflector  itself  is  invisible.  Irregular  reflec- 
tion is  that  where  the  light  is  thrown  back  from  the  reflector  in 
every  direction ;  it  is  this  light  which  makes  the  body  visible,  and 
it  is  due  to  the  fact  that  no  matter  how  apparently  even  the  sur- 
face may  appear  to  be,  yet  it  is  not  even ;  it  is  sufficiently  rough 
to  cause  the  light  which  falls  upon  it  to  be  irregularly  reflected. 
Then  bodies  never  reflect  or  absorb  the  whole  of  the  light  which 
falls  upon  them,  some  of  it  is  absorbed;  the  most  perfectly  polished 
plate  of  silver  (which  is  the  most  highly  reflecting  body  known) 
does  not  reflect  the  whole  of  the  light  which  falls  upon  it,  while 
a  piece  of  black  cloth  reflects  only  a  little  of  the  light  that  falls 
upon  it.  Upon  the  character  of  the  reflected  light  thrown  off 
from  a  body  depends  its  colour,  which  is  independent  of  the  pro- 
portion of  the  light  that  falls  upon  and  is  reflected  by  the  body. 
If  all  the  rays  of  light  falling  upon  it  are  reflected,  then  the  body 
appears  white ;  if  all  the  light  rays  are  absorbed,  then  the  body 
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appears  to  be  black.  If,  now,  some  of  the  spectral  rays  are 
absorbed  and  the  rest  reflected,  then  the  body  appears  to  be 
coloured,  the  colour  depending  upon  the  composition  of  the  rays 
which  are  reflected ;  thus  the  rays  from  a  red  body,  such  as  ver- 
milion, are  red,  as  are  also  those  from  Derby  red  and  oxide  of 
iron ;  similarly,  the  rays  from  a  yellow  body,  such  as  chrome 
yellow  or  yellow  ochre,  are  yellow,  but  it  does  not  follow  that  the 
rays  from  all  red  bodies  or  from  all  yellow  bodies  are  identical  in 
composition.  If  the  rays  from,  say,  vermilion,  oxide  of  iron, 
and  crimson  lake  are  passed  through  a  prism,  and  the  spectra  of 
the  coloured  light  which  is  reflected  from  each  examined,  they 
will  be  found  to  be  diflerent;  that  from  the  crimson  lake  will  con- 
tain more  blue  rays  than  that  from  the  vermilion,  while  that 
from  the  oxide  of  iron  will  contain  more  of  the  dark  red  and 
indigo  rays  than  either  of  the  others  ;  and  it  is  the  same  with 
the  other  classes  of  colours.  There  is  no  coloured  body  known 
which  reflects  what  might  be  called  a  pure  light,  while  the 
spectrum-colours  are  pure,  as  has  been  already  stated.  As  stated 
above,  it  is  this  compound  nature  of  the  light  which  is  reflected 
from  coloured  bodies  that  makes  it  extremely  difficult  to  demon- 
strate the  true  laws  of  light  and  colour  by  the  use  of  pigments. 

In  the  same  manner  as  the  coloured  light  which  is  reflected 
from  bodies  is  compound,  so  that  which  is  transmitted  is  com- 
pound and,  usually,  similar  to  that  which  is  reflected,  but  occa- 
sionally it  is  the  complement  to  the  reflected  light.  When  it  is 
the  complement  of  that  which  is  reflected,  then  the  bodies  which 
give  rise  to  this  phenomena  are  known  as  dichroic  ;  in  other 
cases  both  the  reflected  and  transmitted  rays  are  of  the  same 
general  colour,  although  there  is  usually  some  difierence  in  the 
actual  tint  of  the  two  colours. 

It  is  assumed  that  the  coloured  bodies  have  a  selective  action 
on  the  light  which  falls  upon  them,  reflecting  or  transmitting, 
as  the  case  may  be,  those  coloured  rays  to  which  they  owe  their 
colour,  while  they  absorb  all  the  other  rays.  White  bodies 
reflect  all  the  rays  which  fall  upon  them,  black  bodies  absorb  all 
and  are,  in  consequence,  often  nearly  invisible.  As  to  the 
character  of  the  rays  reflected  from  red,  orange,  yellow,  green,  or 
other  coloured  bodies,  these  will  have  been  inferred  from  what 
has  been  said  above. 

Colour  Theories. — Two  theories  of  colour  are  in  use  to 
explain  the  coloured  eftects  of  light.  The  old  theory,  which  is 
mostly  due  to  Brewster,  considers  that  there  are  three  primary 
colours — viz.,  red,  yellow,  and  blue ;  by  the  proper  admixture 
of  which  in  various  proportions  all  the  other  colours  can  be 
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obtained.  The  more  modern  theory,  first  broached  by  Young 
and  more  fully  developed  by  Helmholtz,  considers  that  there 
are  three  primary  colours,  red,  green,  and  blue,  although  some 
authorities  add  a  fourth.  However,  it  must  be  confessed 
that  while  the  modern  theory  accurately  explains  all  the  phe- 
nomena of  colour  producible  by  the  use  of  the  spectrum  colours, 
yet  the  older  theory  of  Brewster  more  easily  explains  the 
phenomena  of  colour  as  produced  by  the  admixture  of  the 
various  colouring-matters,  pigments,  and  dyestufFs  in  common 
use ;  this  arises  not  from  any  fault  in  the  newer  theory,  but 
from  the  compound  nature  of  the  light  which  is  reflected  or 
transmitted  from  tlie  colouring-matters  in  question.  Of  the 
newer  theory  it  is  not  intended  to  deal,  although  it  is  advisable 
for  colourists  to  make  themselves  acquainted  with  it ;  as  to  the 
old  theory,  it  will  be  sufficient  to  say  that  when  any  two  of  the 
primary  colours  are  mixed  together  a  so-called  secondary  colour 
is  produced  ;  thus  red  and  yellow  produce  orange,  red  and  blue 
produce  violet,  while  yellow  and  blue  make  green.  When  the 
secondaries  are  mixed  together  they  produce  what  are  called 
tertiary  colours,  of  which  there  are  six,  known  as  buff,  citrine, 
sage,  slate,  plum,  and  russet.  The  nomenclature  of  these  tertiary 
colours  is  very  indefinite,  and  different  authorities  give  them 
difierent  names. 

The  common  theory  of  red,  blue,  and  yellow  is  not  wholly 
satisfactory,  as  it  does  not  account  for  all  the  shades  which  may 
be  produced  by  the  admixture  of  pigments ;  thus  a  mixture  of 
ultramarine,  a  blue,  with  yellow  ochre,  a  yellow,  does  not 
produce  a  green,  as  the  theory  would  expect,  but  a  kind  of 
greenish -grey  ;  this  effect  can,  however,  be  explained  by  the 
blue-red-green  theory  when  we  know  the  kind  of  rays  reflected 
by  the  two  pigments  in  question.  Reference  must  be  made  to 
text-books  on  colour  for  a  further  development  of  the  subject. 

Colours. — It  has  been  explained  above  that  the  term  colours" 
is  used  in  two  senses — first,  to  express  the  sensation  which  light 
of  various  kinds  evolved  from  bodies  excites  on  the  retina  of  the 
eye,  and  which  sensation  is  purely  functional ;  second,  to  denote 
those  bodies  which,  having  the  property  of  selective  absorption 
of  coloured  rays  from  the  light  which  falls  upon  them,  appear  to 
be  coloured  and  which  have  the  property  of  imparting  this 
colour  to  other  bodies  ;  such  bodies  are  known  as  colouring 
matters  and  may  be  divided  into  two  groups,  dyes  tuffs  and 
))igments  j  the  former  are  mostly  soluble  in  water  and  are  used 
solely  to  dye  cotton,  wool,  or  other  textile  fibres,  while  the 
latter  are  insoluble,  and  are  used  in  the  preparation  of  paints. 
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Besides  these  two  classes  of  coloured  bodies  there  is  another 
group  which  are  distinguished  by  the  fact  that  while  possessing 
colour  yet  they  cannot  impart  this  colour  to  other  bodies  ;  such 
are  bluestone  (sulphate  of  copper),  nitrate  of  cobalt,  chrome 
alum,  &c. 

Pigments. — These  are  a  fairly  numerous  class  of  colouring 
matters  which  are  used  to  give  colour  to  paint.  They  are 
mostly  derived  from  the  mineral  kingdom,  although  a  few  are 
obtained  from  organic  sources.  As  a  class  they  are  distinguished 
by  being  insoluble  in  water,  turpentine,  and  most  other  solvents 
with  the  exception  of  the  strong  acids ;  they  are  opaque  or 
nearly  so  ;  and  they  should  be  perfectly  inert  bodies  exercising 
no  action  of  any  kind  on  any  other  substance  with  which  they 
may  be  mixed.  As  typical  examples  of  pigments  may  be  taken 
barytes,  oxide  of  iron,  yellow  ochre,  chrome  green,  and  umber. 

In  dealing  with  pigments  in  detail  they  will,  as  a  rule,  be 
considered  under  the  divisions  of  white  pigments,  red  pigments, 
yellow  pigments,  and  so  on  ;  but  here  and  there,  deviations  from 
this  rule  will  be  made,  as  in  the  case  of  Derby  red  (which  will 
be  dealt  with  under  the  head  of  yellow  pigments)  and  in  the 
case  of  lakes,  where  it  is  thought  that  the  composition  and 
properties  of  the  particular  pigments  can  be  more  conveniently 
pointed  out,  if  dealt  with  in  one  group. 

Paint. — Paint  is  the  name  given  to  a  liquid  composition 
which  is  used  very  extensively  for  two  purposes — first,  to  act  as 
a  protective  substance  to  preserve  the  body  on  which  it  has 
been  applied  from  the  destructive  action  of  the  weather ;  second, 
as  a  decorative  agent. 

The  first  object  is  brought  about  by  making  the  paint  with 
materials  w^hich  are  not  acted  upon  by  the  various  agents 
present  in  the  atmosphere,  such  as  water,  acid  vapours,  light, 
oxygen,  that  exert  a  more  or  less  destructive  action  on  bodies 
which  may  be  exposed  to  their  action.  The  bodies  which  have 
been  found  to  resist  this  destructive  action  of  the  atmospheric 
influences  are  the  various  so-called  drying  oils,  resinous  matters, 
and  the  pigments.  A  paint  is  a  liquid  composition  which  will 
remain  liquid  until  it  is  applied  to  the  body  to  be  painted,  and 
yet  when  so  applied  and  afterwards  exposed  to  the  atmosphere 
will  dry  and  leave  behind  it  a  firm,  hard  (yet  elastic),  and 
opaque  coating,  which  may  be  more  or  less  lustrous  and  be 
capable  of  resisting  the  weather.  The  opacity  of  the  coating  is 
obtained  by  using  pigments  of  various  kinds,  which  also  tend  to 
increase  the  resisting  power  of  the  paint,  and  these  pigments  are 
mixed  with  liquid  bodies,  such  as  oils  and  spirits,  which  are 
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used  partly  to  obtain  a  composition  that  is  easy  of  application, 
and  partly  to  secure  volatility,  so  that  when  alone  or  when  mixed 
with  resinous  matters,  they  will  evaporate  away  and  leave 
behind  a  hard  mass  firmly  binding  the  pigments  to  the  body 
over  which  they  have  been  painted.  The  liquid  bodies  which 
have  been  found  to  answer  this  purpose  best  are  the  drying  oils, 
such  as  linseed  oil,  which  when  spread  over  a  surface  and 
exposed  to  the  air  absorb  oxygen  and  dry  into  a  hard  mass;  but 
as  these  oils,  for  various  reasons  (which  will  be  more  fully  dealt 
with  later  on),  cannot  be  used  alone  with  satisfactory  results  it 
becomes  necessary  to  mix  them  with  some  solvent,  such  as 
turpentine  or  shale  naphtha,  which  is  volatile.  In  some  kinds 
of  paints  a  little  resinous  matter  is  used,  which  dissolves  in  the 
solvent ;  on  exposure  the  latter  evaporates  off,  leaving  the  resin 
behind  in  the  form  of  a  dry  coat  on  the  surface  to  which  it  has 
been  applied.  Paint  is  always  more  or  less  coloured  to  add  to 
the  decorative  effect.  Its  primary  purpose,  however,  is  to  hide 
the  character  of  the  surface  to  which  it  is  applied  and,  as  has 
been  pointed  out,  to  protect  this  surface. 

Varnishes. — These  bodies  are  very  similar  to  paints  in  their 
properties  and  uses.  They  differ  in  giving  a  transparent 
lustrous  coat  of  a  very  resistant  character  to  the  destructive 
action  of  the  weather.  They  may  be  coloured  ;  but,  if  so, 
transparent  colours  are  used  and  not,  as  in  the  case  of  paints, 
opaque  pigments.  They  are  composed  of  a  resinous  matter 
dissolved  in  various  oils  and  solvents,  the  latter  forming  the 
vehicle  by  means  of  which  the  resin  is  transferred  to  the  surface 
to  be  varnished.  The  special  properties  of  varnishes  will  be 
dealt  with  later  on. 
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WHITE  PIGMENTS. 

The  white  pigments  are  a  very  important  group  of  painters' 

colours,'^  probably  the  most  im2)ortant,  as  while  the  red,  blue, 
green,  &c.,  pigments  are  used  simply  or  almost  entirely  as 
colouring  pigments,  the  white  pigments  are  used  in  two  ways — 
1st,  as  "body  colours,"  i.e.,  to  give  body  or  covering  power  to 
paint;  2nd,  as  "colouring  pigments."  Thus,  in  making  a  red 
paint,  white  lead  or  barytes  is  added  to  give  the  necessary  body 
and  vermilionette  is  used  to  colour  the  paint.  On  account  of 
this  dual  feature  of  the  white  pigments  they  merit  a  more  detailed 
account  of  each  individual  member  of  the  group  than  is  necessary 
for  other  pigments. 

The  white  pigments  are  a  fairly  numerous  group  of  bodies 
derived  entirely  from  inorganic  sources.  Many  white  bodies  are 
known  which  could  be  used  as  pigments,  but  are  not  so  used  on 
account  of  expense,  &c.  The  following  list  comprises  all  that  are 
used  either  on  a  large  or  small  scale  : — 

White  Lead,  basic  carbonate  of  lead,  2  Pb  C  O3  Pb  HgOg;  this 
pigment  is  also  sold  under  a  variety  of  other  names. 

Lead  Sulphate,  Pb  S  ;  many  pigments  sold  under  various 
fancy  names  consist  essentially  of  this  body  combined  with  other 
white  pigments. 

Lead  Oxychloride,  Pbg  O  Clg,  Pattinson's  white  lead. 

Zinc  White,  zinc  oxide,  Zn  0. 

Zinc  Sulphide,  ZnS;  this  body  combined  with  barytes,  &c., 
is  largely  used  as  a  white  pigment. 
Barium  Sulphate,  Ba  S  O^,  barytes. 
Barium  Carbonate,  Ba  C  O3. 
Calcium  Sulphate,  Oa  S  O^,  gypsum. 
Calcium  Carbonate,  Ca  0  O3,  whiting. 
Calcium  Oxide,  Ca  O,  quicklime. 
Strontium  Sulphate,  Sr  S  O^. 
Strontium  Carbonate,  Sr  C  O3. 
Magnesium  Carbonate,  MgCOg,  magnesite. 
China  Clay,  hydrated  silicate  of  alumina. 
French  Chalk,  silicate  of  magnesia. 


10 


WHITE  PIGMENTS. 


Of  these,  the  most  important  are  white  lead,  lead  sulphate,  zinc 
white,  zinc  sulphide,  barytes,  gypsum,  calcium  carbonate,  and 
china  clay. 

WHITE  LEAD. 

White  lead  has  been  known  and  used  as  a  pigment  for  cen- 
turies ;  the  Romans  and  Greeks  used  the  native  carbonate  of 
lead  or  "  cerusse, "  as  it  was  then  called,  from  which  the 
mineralogical  name  cerussite  has  arisen.  This  natural  pigment 
is  found  only  in  comparatively  small  quantities,  and  it  is  no 
wonder  that  a  process  for  the  artificial  production  of  white  lead 
was  soon  found  out  and  adopted,  with  the  result  that  natural 
cerussite  is  not  now  used  as  a  pigment. 

It  is  not  known  when  white  lead  was  first  made,  who  made  it, 
or  to  what  country  it  owes  its  birth.  The  oldest  known  method 
is  that  commonly  called  the  "  Dutch  method,"  from  the  supposi- 
tion that  it  was  invented  in  Holland  ;  it  is  described  as  the 
Dutch  process  in  an  English  patent  granted  in  1787,  and  there 
is  no  doubt  but  that  it  is  the  process  referred  to  in  three  earlier 
patents  granted  in  1622,  1635,  and  1745,  in  which  it  is  spoken 
of  as  an  old  process.  Evidently  white  lead  has  been  made  for 
several  centuries.  During  all  this  period  there  has  been  but 
little  change  made  in  the  Dutch  process.  But  in  the  interval 
inventors  have  not  been  idle,  for  there  is  no  other  pigment 
which  has  attracted  so  much  attention  at  their  hands  as  white 
lead  ;  and  the  number  of  processes  and  modifications  of  processes 
which  have  been  devised,  is  almost  innumerable.  With  all  this 
invention,  the  ancient  Dutch  process  still  retains  its  pre-emi- 
nence as  the  best  process  for  the  manufacture,  of  white  lead. 

MANUFACTURE  OP  WHITE  LEAD. 

White  lead,  the  basic  carbonate  of  lead,  is  manufactured  by  a 
variety  of  methods.  It  is  not  easy  to  classify  these  processes 
into  groups,  as  they  not  unfrequently  pass  one  into  the  other 
imperceptibly.  The  author  suggests  the  following  classification, 
which  is  based  on  the  principles  which  appear  to  underlie  the 
various  methods  adopted,  or  which  have  been  proposed  and  used 
on  a  limited  scale  : — 

1st  Group. — Stack  method. 

2nd  Group. — Chamber  methods. 

3rd  Group. — Precipitation  processes  based  on  the  action  of 
carbonic  acid  gas  on  various  lead  salts. 
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4th  Group. — Precipitation  methods  based  on  the  action  of 
alkaline  carbonates  on  various  lead  salts. 

5th  Group. — Miscellaneous  methods.  Most  of  these  are  now 
obsolete  and  are  only  of  historical  interest. 

1st  GROUP.— STACK  METHOD. 

Only  one  process  is  included  in  this  group,  the  old  Dutch  or 
stack  process.  No  process  which  is  now  in  use  or  which  has 
been  proposed  can  claim  the  antiquity  that  this  process  can,  and, 
notwithstanding  all  the  labours  of  chemists  and  white  lead 


Fig.  2. — Shed  for  making  white  lead. 
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makers  to  supersede  it,  for  reasons  which  will  be  pointed  out 
presently,  it  still  remains  the  best  process  for  the  manufacture  of 
white  lead.  Tradition  assigns  its  discovery  to  the  Dutch  and  to 
a  person  named  Stratingh  in  particular.  It  must  be  at  least  300 
years  old.  Since  1787  this  process  has  been  carried  on  without 
much  alteration  in  its  details.    The  Dutch  method  is  used  in  all 

parts  of  the  world  for  the  manufacture 
of  white  lead,  and  there  is  but  little 
variation  in  the  details  of  the  process 
and  in  the  construction  of  the  plant 
used  in  different  countries. 

The  plant  used  in  the  stack  process 
is  shown  in  Figs.  2  to  5.  A  shed  of 
brickwork,  Fig.  2,  is  built,  the  size  of 
which  varies  a  little,  but  averages  16 
feet  long  by  13  feet  wide  and  20  feet 
high  ;  this  may  have  either  a  lean-to 
roof,  as  shown  in  the  figure ;  or,  as  in 
some  works,  two  of  these  sheds  are 
built  back  to  back,  with  a  single-ridge 
roof  between  them. 

In  some  places  parts  of  the  structure 
are  built  below  the  level  of  the  ground,  but  there  is  no  advan- 
tage to  be  gained  by  so  doing.  A  large  white-lead  works  will 
have  a  number  of  these  sheds,  so  as  to  keep  the  workmen  fully 
occupied  with  filling  and  emptying  them. 

A  number  of  earthenware  pots  are  provided.  These  pots  vary 
in  size  at  different  works,  but  an  average  size  is  8  inches  high  by 


Fig.  3. 


Fig.  4.  Fig.  5. 

4  inches  in  diameter.  In  shape  they  resemble  crucibles  (see  Fig. 
3),  but  have  a  shelf  inside,  as  shown.  In  the  bottom  of  these 
pots  is  placed  some  weak  acetic  acid  or  vinegar ;  this  diluted  acid 
contains  about  2  to  3  per  cent,  of  actual  acetic  acid.  On  the 
shelf  inside  the  pot  is  placed  a  roll  of  thin  sheet  lead  (Fig.  4), 
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made  from  a  strip  of  lead  2  feet  long  by  4J  inches  broad.  In  a 
stack  of  ordinary  dimensions  some  11,000  to  12,000  of  these  pots 
will  be  used,  and  they  will  contain  about  800  to  900  gallons  of 
weak  acid. 

The  stack  is  built  up  as  follows  : — First,  a  layer  of  ashes,  upon 
which  is  placed  a  layer  of  spent  tan  of  about  3  feet  in  thickness. 
In  the  older  Dutch  method  horse-dung  was  used,  but  this  is  open 
to  some  disadvantages  which  will  be  pointed  out  presently ; 
the  use  of  tan  was  introduced  in  England  so  that  this  modifi- 
cation of  the  Dutch  process  is  sometimes  spoken  of  as  the  English 
method.  This  layer  of  tan  is  pressed  down  very  firmly  and  is 
evenly  spread ,  on  it  is  placed  a  layer  of  the  pots,  which  layer  is 
kept  at  a  distance  of  about  6  inches  from  the  sides  of  the  shed. 
In  some  works  the  outside  rows  of  pots  are  made  of  larger  size 
than  the  others,  so  as  to  act  as  supports  for  a  layer  of  flooring 
boards.  In  other  places  the  pots  are  all  of  one  size  and  wooden 
supports  for  the  boards  are  provided. 

On  the  top  of  the  pots  is  placed  a  layer  of  lead  buckles  or 
gratings  (Fig.  5).  These  are  placed  face  to  face  in  a  layer  of 
about  3  to  5  inches  thick ;  above  these  comes  the  layer  of  flooring 
boards,  a  space  of  about  6  inches  being  left  between  them.  On 
the  top  of  the  boards  another  layer  of  tan,  then  a  layer  of  pots, 
then  a  layer  of  gratings,  then  another  layer  of  boards,  and  so  on 
until  the  stack  is  completely  built  up.  The  number  of  sets 
of  layers  varies  from  seven  to  eleven.  The  doorway  through 
which  the  filling  is  done  is  closed  as  the  work  progresses  by 
boarding,  but  a  small  space  is  left  at  the  top  through  which  the 
progress  of  the  operation  can  be  observed,  and  fresh  additions  of 
material  made  as  required  to  allow  for  sinking  of  the  tan,  &c. 

The  quantity  of  lead  used  varies  considerably,  or  from  about 
3  tons  to  7  tons  in  a  layer  of  materials,  so  that  in  a  large  stack 
there  may  be  something  like  85  tons  of  lead. 

In  stacks  of  very  large  area  it  is  usual  to  construct  chimneys 
throughout  the  mass,  whereby  the  steam  which  is  produced 
during  the  operation  is  carried  ofi"  j  in  stacks  of  small  area,  these 
chimneys  are  not  required,  as  the  space  around  the  side  walls  of 
the  shed  afibrds  a  sufficient  outlet. 

When  the  stack  is  built  up  it  is  left  for  a  period  of  about 
three  months.  During  this  period  the  stack  gets  quite  hot 
(140°  F.)  through  the  fermentation  of  the  tan  which  sets  in  ; 
large  quantities  of  carbonic  acid  gas  are  given  ofi",  and  the  acetic 
acid  is  converted  into  vapour.  The  "blue  lead"  is  gradually 
converted  into  "  white  lead."  At  the  end  of  three  months  the 
stack  is  pulled  to  pieces.    As  the  boards  are  removed  it  is  found 
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that  the  lead  which  has  been  corroded  still  retains  the  form  of 
the  blue  lead,  but  is  more  bulky  in  volume,  is  white  or  greyish 
in  tint,  and  opaque.  The  corrosions  are  not  of  a  uniform 
character  throughout  the  whole  of  the  stack  ;  in  some  places 
they  are  porcellaneous  and  flaky,  are  firm  to  handle,  do  not 
break  up,  and  give  the  best  quality  of  white  lead  ;  in  other 
parts  of  the  stack  the  corrosions  are  soft,  easily  crumble  to  a 
fine  powder  or  dust  when  handled,  and  do  not  give  a  good 
quality  of  white  lead.  In  some  places  the  lead  may  be  dis- 
coloured owing  to  a  variety  of  causes,  such  as  the  presence 
of  tarry  matter  in  the  acid  (especially  when  crude  pyroligneous 
acid  is  used),  by  droppings  of  coloured  water  from  the  layer 
of  tan  on  to  the  lead,  (fee.  In  chemical  composition  the  cor- 
rosions will  vary ;  in  some  places  they  will  approximate 
closely  to  the  normal  composition  of  white  lead,  2  Pb  C  O3, 
Pb  Ho  O2,  in  others  more  nearly  to  that  of  3  Pb  C  O3,  Pb  Og, 
while  in  others  they  consist  of  the  normal  carbonate,  Pb  C  O3. 

As  the  stack  is  being  pulled  to  pieces  the  corrosions  are 
carried  to  the  grinding  rooms.  The  method  of  treating  the 
white  lead  varies  in  different  works,  but  the  following  may 
be  taken  as  a  good  example  of  the  usual  manner  of  working  : — 
The  corrosions  are  first  passed  through  a  pair  of  rolls  ;  these 
break  up  the  masses,  the  white  lead  crumbles  to  powder,  while 
the  unchanged  blue  lead  is  flattened  out  into  thin  sheets.  The 
crushed  materials  are  then  sieved,  which  separates  the  white 
from  the  blue  lead  ;  the  latter  is  sent  to  the  melting  pot  where 
it  is  melted  and  re-cast  for  use  in  building  another  stack.  The 
white  lead  is  sent  into  tanks  full  of  water,  where  it  is  thoroughly 
agitated,  and  the  small  traces  of  acetate  of  lead  which  the 
corroded  lead  contains  washed  out  of  it.  While  still  wet  the 
white  lead  is  ground  as  fine  as  possible  under  edge  runners  or 
between  rollers,  and  then  dried,  when  it  is  ready  for  sale.  As 
the  grinding  must  be  thorough,  the  lead  is  passed  through 
several  sets  of  grinding  mills. 

Grinding  white  lead  is  a  source  ot  danger  to  the  workpeople, 
for  the  fine  dust  flies  about  the  room  in  which  it  is  done  and  is 
breathed  by  the  workpeople,  who,  sooner  or  later,  sufler  from 
lead  poisoning  ;  much  of  this  danger  is  avoided  by  grinding  the 
lead  in  a  wet  condition  only,  when  the  particles  of  lead  are 
practically  too  heavy  to  fly  about. 

The  greatest  risk  now  arises  in  the  packing  of  the  ground  lead, 
as  the  workmen  frequently  get  some  on  their  hands  and  eat 
their  meals  without  previously  washing  their  hands.  Lead 
poisoning  may  be  prevented  by  drinking  water  acidulated  with 
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sulphuric  acid,  whereby  the  lead  absorbed  into  the  system  is 
converted  into  the  harmless  sulphate  of  lead.  The  great  trouble 
is  that  the  workmen  will  not  take  sufficient  care  to  make  use  of 
these  precautions. 

It  was  stated  above  that  in  the  early  or  Dutch  modification  of 
this  process,  horse-dung  was  used  as  the  source  of  the  heat  and 
carbonic  acid  necessary  to  carry  on  the  process ;  while  with 
dung  the  process  is  quicker  (only  taking  from  8  to  9  weeks),  yet 
it  is  not  so  good  as  the  English  method  with  tan,  the  product  is 
not  quite  so  regular  in  composition,  and  it  is  more  liable  to 
discolouration  owing  to  the  evolution  of  sulphuretted  hydrogen 
from  the  decomposing  dung,  and  to  its  combination  with  lead  to 
form  the  objectionable  black  sulphide. 

For  a  long  period  of  time  little  or  no  changes  of  any  moment 
have  been  made  in  the  Dutch  process  of  white -lead  making. 
In  working  on  the  practical  scale,  it  is  found  that  loss  often 
occurs,  due  to  the  sinking  of  the  piles  of  pots,  &c.,  in  places ; 
this  may  be  brought  about  in  many  ways,  the  pressure  upon  the 
bottom  layers  may  be  so  great  as  to  lead  to  breakages  of  the 
pots,  supports,  &c.  When  these  accidents  happen,  the  lead  is 
wasted,  owing  to  its  becoming  so  mixed  with  the  tan  as  to  be 
rendered  useless. 

Mr.  J.  Y.  Walton  has  devised  and  patented  (English  Patents, 
Nos.  3,116  and  16,703  of  1893)  some  new  methods  of  construct- 
ing the  stack,  the  object  of  which  is  to  prevent  losses  from 
sinking  or  falling  in  of  the  stack  in  any  way.  The  walls  of  the 
shed  carry  beams  of  JL- section,  made  of  teak,  the  flanges  of 
which  serve  as  supports  for  the  frames  or  crates  carrying  the 
pots  containing  the  acid  and  the  blue  lead.  Boards  are  placed 
on  the  beams,  and  the  upper  surfaces  of  the  boards  are  packed 
with  tan.  Yentilating  flues  are  built  in  the  walls,  and  in  these 
thermometers  are  placed  for  the  purpose  of  ascertaining  the 
temperature  of  the  shed  from  time  to  time ;  glazed  sight-holes 
are  provided  to  the  flues  to  allow  of  the  thermometer  being 
inspected  from  the  outside.  To  facilitate  the  operations,  arrange- 
ments are  made  for  sending  hot  air  into  the  shed  in  the  event 
of  the  thermometer  showing  a  fall  of  temperature  below  that 
which  experience  shows  is  the  best. 

The  theory  of  the  process  of  white-lead  making  by  the  Dutch 
process,  which  at  present  is  most  favoured  by  chemists,  and  was 
substantiated  by  some  experiments  carried  out  by  Hochstetter,  is 
due  to  Liebig.  The  first  action  which  goes  on  in  the  stack  is  to 
convert  the  blue  lead  into  basic  acetate  of  lead  3  this  is  brought 
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about  by  the  heat  of  the  fermenting  tan,  or  dung,  causing  the 
evohition  of  acetic  acid  from  the  liquid  in  the  pots,  which, 
attacking  the  lead,  causes  the  production  of  the  normal  acetate 
of  lead,  thus — 

1.  Pb       +      2HC2H3O2      =      Pb2C2H302       +  H2 
Lead  Acetic  acid.  Normal  lead  acetate.  Hydrogen. 

The  normal  lead  acetate,  under  the  influence  of  water  and  heat, 
parts  with  some  of  its  acetic  acid  and  passes  into  the  basic 
acetate,  thus — 

2.  2Pb2C2H3  02  +  2H2O  =  Pb2C2H3  02,  PbH2  02  +  2HC2H3O2 

Normal  lead  Water.  Basic  lead  acetate.  Acetic  acid, 

acetate. 

The  acetic  acid  thus  set  free  is  ready  to  attack  a  further 
quantity  of  blue  lead.  The  basic  acetate  is  now  attacked  by  the 
carbonic  acid  evolved  by  the  fermenting  tan,  the  acetic  acid  it 
contains  is  liberated  and  its  place  taken  by  the  carbonic  acid, 
and  white  lead  is  formed,  thus — 

3.  3Pb2C2H3  02,  PbH2  02  +  4CO2  =  2(2PbC03,  PbH2  02) 

Basic  lead  acetate.  Carbonic  White  lead, 

acid. 

+  6HC2H3O2 

Acetic  acid. 

Although  the  reactions  shown  in  the  above  equations  are 
those  usually  accepted  as  representing  the  formation  of  white 
lead  from  blue  lead  in  the  stack  process,  yet  they  are  probably 
not  quite  correct ;  the  evolution  of  hydrogen  in  the  first  step  in 
the  process  is  rather  improbable ;  a  better  explanation  would  be 
the  following: — (1)  By  the  action  of  moisture  and  oxygen  on 
the  lead  there  is  formed  lead  hydroxide,  thus — 

1.  Pb       +       H2O       +       0       =  PbHaOg 

Lead  hydroxide, 
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Then  this  being  acted  on  by  the  acetic  acid  forms  the  normal 
or  neutral  acetate  and  water,  thus — 

2.  PbHgOa    +    2HC2H3O2    =    PbC2H3  02    +    H2  0 

The  normal  acetate  now  combines  with  lead  hydroxide  to 
form  basic  lead  acetate,  thus — 

3.  Pb  2  C2  H3  O2    +    2  Pb  H2  O2    =    Pb  2  C2  H3  O2,  2  Pb  H2  O2 

Basic  lead  acetate. 

This  is  now  acted  upon  by  the  carbonic  acid  with  the  for- 
mation of  white  lead  and  normal  acetate,  thus — 

4.  3  [Pb  2  C2  H3  O2,  2  Pb  H2  O2]    +    4  C  O2    =    3  Pb  2  C2  H3  Og 

Normal  acetate. 

+    2[2PbCOs,  PbHaOg]    +  4H2O 
White  lead. 

The  normal  acetate  thus  reproduced  then  forms  more  tribasic 
acetate  by  the  reaction  shown  in  equation  3.  It  is  again  decom- 
posed by  the  carbonic  acid,  as  shown  in  equation  4,  so  that  a 
continuous  cycle  of  changes  is  set  up  ;  the  lead  being  oxidised 
to  lead  hydroxide,  and  this  converted  into  white  lead,  the  basic 
carbonate,  pari  passu  with  its  formation. 

As  a  rule,  nearly  all  the  blue  lead  is  converted  into  white 
lead,  one  ton  of  lead  producing  one  and  a  quarter  ton  of  white 
lead,  the  amount  varying  from  time  to  time  according  to  the 
degree  of  perfection  with  which  the  corrosion  has  proceeded. 

The  great  fault  of  the  Dutch  process  is  the  great  length  of 
time  required  (8  to  12  weeks),  the  great  amount  of  capital  it 
takes  to  construct  a  stack  of  lead,  and  the  loss  of  interest  which 
takes  place  on  the  capital  while  the  lead  is  in  process  of  making. 
Then  there  is  always  a  risk,  owing  to  some  defect,  of  producing 
a  useless  and  imperfectly  corroded  lead,  which  has  to  be  sent  to 
the  smelting  furnace  and  again  reduced  to  blue  lead.  Hence  it 
is  that  inventors  have  turned  their  attention  to  devising  other 
methods  of  producing  white  lead  which  shall  be  free  from  the 
defects  of  the  Dutch  process ;  so  far,  however,  no  such  method 
has  been  discovered. 

2 
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White  lead,  as  made  by  the  process  described  above,  is  a  basic 
carbonate  of  lead  having  the  composition 

Lead  carbonate,  Pb  C  O3,  ....       68*95  per  cent. 
Lead  hydroxide,  Pb  H2  O2,       .       .       .       3r05  „ 

or  100-00 

Lead  monoxide,  Pb  0,       .       .       .       .  86*32  per  cent. 

Carbonic  acid,  C  O2,  .       •       •       •       .  11 '36  ,, 

Water,  H2  0,   2*32 

100*00 

therefore  having  the  formula  2  Pb  C  O3,  Pb  Hg 

As  will  be  seen  hereafter,  when  the  properties  of  white  lead  as 
a  pigment  come  to  be  more  fully  considered,  the  carbonate  is  the 
substance  to  which  white  lead  owes  its  colour  and  body ;  while 
the  hydroxide  with  which  it  is  associated,  by  chemically  com- 
bining with  the  oil  used  to  convert  the  white  lead  into  a  paint, 
imparts  to  the  white  lead  great  covering  properties. 

Numerous  samples  of  white  lead,  of  both  high  and  low  qualities, 
have  been  analysed  by  many  chemists,  some  of  which  will  be 
given  later  on.  These  analyses  show  that  when  the  composition 
of  any  sample  varies  greatly  from  the  figures  above  given,  it 
is  more  or  less  defective.  Generally,  an  increased  proportion  of 
carbonate,  while  causing  the  colour  to  be  better,  reduces  the 
covering  power;  on  the  other  hand,  an  increase  in  the  amount  of 
the  hydroxide  causes  a  loss  of  body  and  opacity.  If  the  sample 
contain  any  monoxide  then  the  tint  becomes  more  yellow  or 
greyish.  Some  of  these  points  will  be  touched  upon  when  con- 
sidering the  other  processes  for  the  production  of  white  lead.  In 
the  meantime  the  success  or  non-success  of  any  process  depends 
upon  the  approximation  of  the  white  lead  produced  to  the 
composition  above  given. 

2nd  GROUP.— CHAMBER  METHODS. 

In  one  sense  the  Dutch  method  just  described  is  a  chamber 
method,  but  it  has  been  classed  as  a  separate  group  because 
while  being  made  in  a  chamber,  it  differs  materially  from  those 
now  to  be  described.  In  these  processes  the  operation  of  white- 
lead  making  is  carried  on  in  large  chambers  in  which  metallic 
lead  is  placed,  and  into  which  currents  of  carbonic  acid  gas, 
acetic  or  other  acid  vapours,  are  passed,  together  with  air  and 
steam.  The  different  methods  are  distinguished  one  from  another 
by  the  construction  of  the  chambers,  the  method  of  admitting  the 
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acid  gases,  &c.,  and  in  other  points.  Although  many  such  have 
been  invented  and  will  be  found  described  in  the  Patent  Records, 
yet  very  few  are  in  actual  operation  for  the  production  of  white 
lead ;  and  of  those  which  have  become  obsolete  very  little  is 
known  beyond  the,  often  very  scanty,  description  which  is  to  be 
found  in  the  specification  of  the  patent  which  protected  the 
process. 

In  all  the  accounts  which  have  appeared  describing  these  pro- 
cesses, and  which  are  evidently  copied  from  one  source,  the 
chamber  process  is  given  as  "the  German  method  but  it  is  a 
matter  of  doubt  whether  the  process  was  invented  in  Germany  or 
not.  The  author  is  inclined  to  consider  it  to  be  of  English  origin, 
partly  because  it  is  described  in  a  patent  taken  out  in  1749  by 
Sir  J ames  Creed,  who  makes  no  mention  of  having  taken  it  from 
a  foreign  source.  This  was  the  first  patent  to  describe  a  chamber 
process,  and  since  then  many  have  been  patented  ;  but  the  author 
must  refer  readers  to  the  Patent  Records  for  an  account  of  these 
or  to  a  series  of  articles  which  appeared  in  The  Chemical  Trade 
Journal  in  October  and  November,  1890. 

1.  Creed  or  German  Process. — This  process  was  the  first  in 
which  chambers  were  used  in  conjunction  with  lead  and  acid 
gases.  Tn  detail  it  is  carried  out  as  follows : — A  chamber  of 
brickwork  is  built  of  any  convenient  size  and  with  few  openings, 
the  usual  ones  are  a  door  to  enter  into  the  chamber  for  the  pur- 
pose of  filling  it,  and  an  opening  in  the  roof  for  ventilation ; 
sometimes  a  window  or  two  for  the  purpose  of  observation  is 
added.  The  chamber  has  a  number  of  shelves,  on  which  are 
placed  sheets  or  gratings  of  lead ;  it  is  immaterial  which  are 
adopted,  although  the  gratings  expose  more  surface  to  the  action 
of  the  various  gases  which  are  used.  When  all  the  lead  is  placed 
on  the  shelves,  the  doors  are  closed,  and  currents  of  aqueous 
vapour,  air,  carbonic  acid,  and  acetic  acid  at  once  admitted  into 
the  chamber.  After  a  period  varying  from  four  to  five  weeks, 
the  white  lead  will  have  been  formed  ;  it  is  collected  and  treated 
as  in  the  Dutch  process.  The  chemical  action  which  proceeds  is 
supposed  to  be  the  same  as  that  which  takes  place  in  the  old 
stack  method.  The  acetic  acid  acts  upon  the  lead,  forming 
neutral  acetate  of  lead  ;  this,  under  the  action  of  the  aqueous 
vapour,  is  transformed  into  basic  acetate  of  lead,  and  this,  in  its 
turn,  is  changed  by  the  carbonic  acid  into  basic  carbonate  of  lead 
or  white  lead. 

The  quality  of  the  product  is  usually  very  good,  not,  perhaps, 
quite  equal  to  that  produced  by  the  Dutch  method,  but  better 
than  that  produced  by  the  precipitation  processes.    It  is,  hoW" 
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ever,  inclined  to  be  very  variable,  and  the  process  requires  some 

experience  to  carry  out  in  the  best  possible  manner  to  ensuie 
a  good  product.  It  is  desirable,  as  far  as  possible,  to  cause 
the  white  lead  to  approximate  in  composition  to  the  formula 
2  Pb  C  O3,  Pb  II2  O2,  and  to  do  this  it  is  necessary  that  the  gases 
should  be  sent  into  the  chamber  in  the  proper  proportions.  If 
excess  of  acetic  acid  is  present,  too  much  acetate  of  lead  is 
formed,  which  is  not  decomposed  by  the  aqueous  vapour  and  the 
carbonic  acid ;  too  much  of  the  latter  tends  to  cause  the  formation 
of  an  excess  of  lead  carbonate,  and  the  white  lead  loses'  its 
covering  powers.  On  the  other  hand,  too  much  steam  will  lead 
to  the  formation  of  oxide,  especially  if  the  temperature  be 
allowed  to  get  high ;  the  oxide  so  formed  being  of  a  yellow  tint 
spoils  the  colour  of  the  white  lead.  The  same  result  is  brought 
about  by  a  deficiency  of  acetic  acid.  Experience  is  the  only 
factor  which  can  guide  the  white-lead  maker  in  adjusting  the 
various  gases  in  the  proper  proportions. 

The  following  are  some  analyses  of  white  leads  made  by  this 
process  quoted  by  Weise  s — 


1.  Firsts,  of  the  best  quality  ;  good  both  in  colour  and  body. 

2.  Seconds,  not  so  good  as  No.  1,  but  still  very  serviceable 
as  a  pigment. 

3.  Thirds  is  only  just  usable  as  a  pigment. 

4.  Is  not  usable  except  for  very  common  purposes. 

5.  Not  usable  at  all ;  it  contains  too  much  carbonate,  and  is 
sent  to  the  smelting  furnace. 

Yarious  alterations  in  the  details  of  this  method  have  been 
made  from  time  to  time  by  various  inventors,  some  of  which  may 
be  briefly  noted.  Burton  placed  the  lead  in  coils  on  the  shelves  of 
the  chamber,  and  passed  the  current  of  steam  through  perforated 
pipes,  thereby  converting  the  lead  into  hydroxide  ;  when  a  suffi- 
cient amount  of  this  has  been  formed  the  current  of  steam  is 
stopped,  and  a  current  of  acetic  acid  vapour  sent  in ;  this,  acting 
on  the  hydroxide,  converts  it  into  the  basic  acetate ;  when  this 
action  is  finished  the  acetic  acid  current  is  stopped,  and  carbonic 
acid  gas  sent  in,  which  acts  on  the  basic  acetate  and  changes  it 
into  basic  carbonate  or  white  lead.  These  currents  of  steam,  acetic 
acid  vapour,  and  carbonic  acid  gas  are  sent  in  successively  until 
all  the  lead  is  converted  into  white  leadj  then  tl^e  currents  are 


1.  2. 


3.         4.  5. 


Lead  monoxide,  86*80  86*24 
Carbonic  acid,  11*16  11*68 
Water,  2*00  1*61 


86*03     84*69  83*47 
12*28     14*10  1615 
1*68       0*93  0*25 
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stopped,  and  the  white  lead  is  collected  and  finished  in  the 
usual  way. 

In  Richardson^ s  method  the  lead  is  soaked  in  a  solution  of 
acetate  of  lead,  the  action,  both  of  the  acetate  and  the  gaseous 
bodies,  to  which  the  soaked  lead  is  subjected  being  facilitated  by 
the  lead  being  cast  into  a  granular  form.  After  being  soaked, 
the  lead  is  placed  on  shelves  in  the  chamber,  and  then  subjected 
to  the  combined  action  of  steam  and  carbonic  acid  gas,  the 
chamber  being  maintained  at  a  temperature  of  about  100°  F.  * 
the  process  is  continued  until  all  the  lead  is  converted  into 
white  lead. 

2.  Hatfield  Process. — This  process  resembles  those  just 
described  to  some  extent,  but  differs  in  a  few  minor  particulars. 

The  chamber  is  built  with  a  double  wall,  and  the  bottom  is 
hopper-shaped.  The  lead  is  cast  into  gratings  of  the  same  shape 
as  used  in  the  Dutch  process,  and  placed  in  trays  on  shelves  in 
the  chamber.  Into  the  chamber  is  sent  water  and  acetic  acid  in 
the  form  of  spray,  at  the  same  time  the  chamber  is  maintained 
at  a  suitable  temperature  by  means  of  steam  pipes.  The  action 
of  the  water  and  acid  is  to  convert  the  lead  into  basic  acetate  of 
lead  ;  when  this  has  been  properly  formed  the  water  and  acetic 
acid  spray  is  stopped,  and  a  current  of  carbonic  acid  gas  sent  in 
to  form  white  lead  as  described  above. 

3.  Thompson's  method,  patented  in  1873  and  1877,  was 
worked  by  the  Innocuous  White  Lead  Co.,  of  London.'  In  this 
process  the  chamber  is  built  of  brick,  with  a  large  door  and  one 
or  two  windows,  so  that  the  progress  of  the  operation  can  be 
observed.  The  bottom  of  the  chamber  is  made  like  a  trough  and 
acid  proof,  glass  being  recommended  as  a  material  for  its  con- 
struction. The  roof  is  built  double,  so  that  any  liquid  which  is 
condensed  will  flow  down  to  the  sides  and  not  drop  on  to  the 
corroded  lead  below.  The  lead  used  is  cast  into  fifratinfjs  which 
are  placed  on  open  trucks  fitted  with  shelves  ;  the  lead  is  soaked 
in  a  solution  of  acetate  of  lead  and  then  wheeled  into  the 
chamber.  A  quantity  of  acetic  acid  is  placed  in  the  bottom 
of  the  chamber  and  vapourised  by  means  of  steam  pipes  passing 
through  it,  by  which  means  the  lead  is  converted  into  the  basic 
acetate ;  when  this  action  is  complete,  carbonic  acid  gas  is  sent 
in  to  change  it  into  white  lead.  This  was  said  to  be  of  good 
quality.  In  the  practical  application  of  this  process,  much 
depends  upon  the  temperature  at  which  the  chamber  is  main- 
tained during  the  operation.  If  too  high,  then  there  is  a 
tendency  to  form  oxide  of  lead  Vhich  does  not  readily  change 
into  white  lead ;  if  too  low,  then  the  action  of  the  acid  on  the 
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lead  is  not  energetic  enough;  if  too  much  acetic  acid  is  used, 
then  the  tendency  is  to  form  normal  acetate  of  lead  which 
reduces  the  yield  of  white  lead,  and  at  the  same  time  tends  to 
cause  this  to  have  too  much  carbonate  in  its  composition. 

A  very  similar  process  to  this  was  patented  by  Morris.  In 
this  the  lead  was  used  in  the  form  of  sponge  or  wire  so  as  to 
expose  as  much  surface  as  possible  to  the  action  of  the  various 
gases.  The  acetic  acid  was  placed  in  vessels  on  the  floor  of  the 
chamber  and  steam  and  carbonic  acid  gas  passed  in,  a  constant 
current  of  these  gases  being  maintained.  The  white  lead  was 
gradually  formed,  and  when  complete  was  collected  and  finished 
in  the  usual  way. 

4.  Gardner's  Electric  Process.— In  1882,  Prof.  E.  V. 
Gardner  patented  a  process  for  making  white  lead  which,  as 
he  considers  that  electricity  plays  a  part,  he  calls  an  '^electric 
process''  (English  Patents,  731  of  1882,  12,414  of  1890). 

The  specification  of  this  patent  (No.  731,  of  1882)  is  very  full, 
and  is  well  worth  reading  by  white  lead  makers.  In  the 
specification  the  conditions  most  favourable  to  a  successful 
production  of  white  lead  are  fully  stated,  and  from  it  the 
following  is  abstracted  : — 

As  has  been  previously  pointed  out,  in  making  white  lead  by 
the  chamber  methods  there  are  several  factors  which  require 
attention,  if  the  product  is  to  be  a  good  one.  Prof  Gardner 
states  these  to  be  as  follows  : — The  proper  formation  of  what  he 
calls  the  sub-acetate  or  sub-nitrate  of  lead  ;  these  basic  salts  are 
the  compounds  of  the  normal  salts  with  the  hydroxide  of  lead, 
and,  therefore,  have  the  formulae  Pb  2  Hg  Og,  Pb  O2  for 
the  sub-acetate,  and  Pb  2  N  O3,  Pb  H2  O2  for  the  sub-nitrate. 
It  is  usual  to  consider  the  so-called  subsalts  of  lead  as  com- 
pounds of  the  normal  salts  with  the  monoxide ;  probably  both 
kinds  of  salts  exist — that  is,  there  are  compounds  both  of  the 
monoxide  and  of  the  hydroxide  of  lead  with  the  normal  salts  of 
lead.  In  white-lead  making  it  is  reasonable  to  suppose  that 
better  results  would  be  obtained  if  the  hydroxide  compounds 
were  formed  than  if  the  monoxide  compounds  were  obtained  in 
the  process  of  making.  Hence  the  conditions  most  favourable 
for  the  formation  of  the  hydroxide  should  be  carefully  ascer- 
tained. 

Temperature  is  an  important  factor  ;  this  should  be  from  120° 
to  130°  F.  A  lower  temperature  increases  the  length  of  time 
required  for  the  formation  of  the  subsalts,  and  so  increases  the 
cost  of  the  process,  while  the  quality  of  the  white  is  deteriorated, 
owing  to  its  deficiency  in  hydroxide.    Too  high  a  temperature 
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must  be  avoided,  for  although  a  high  temperature  increases  the 
rapidity  with  which  the  subsalts  are  formed,  yet  it  is  liable  to 
cause  them  to  lose  their  water  of  hydration  and  to  pass  into  the 
monoxide  subsalts  ;  the  presence  of  these  in  the  white  lead 
makes  it  of  bad  colour  and  hence  deteriorates  the  quality.  Too 
little  air,  acetic  acid,  and  aqueous  vapour  also  tends  to  prevent 
the  proper  formation  of  the  subsalts  and,  consequently,  of  the 
white  lead  of  the  best  quality  ,  too  much  acetic  acid  converts  the 
subsalts  into  the  normal  salts  and,  as  is  well  known,  these  do 
not  produce  white  lead  of  good  quality  ;  besides  which,  being 
soluble  in  water,  they  are  washed  off  the  surface  of  the  lead  by 
the  aqueous  vapour  which  condenses  on  the  lead,  and  are  thus 
lost  for  the  purpose  of  making  white  lead.  These  are  a  few  of 
the  principal  conditions  which  Prof.  Gardner  points  out  as  being 
necessary  for  the  proper  production  of  white  lead  of  good  quality, 
and,  although  given  in  connection  with  his  own  process,  yet 
there  is  no  doubt  but  that  they  are  applicable  to  all  chamber- 
processes  and  also  to  some  other  methods  of  making  white  lead. 

The  electric  process  is  carried  out  in  a  chamber  made  of  any 
convenient  form  and  material  ^  it  is  necessary,  however,  that  it 
should  be  so  constructed  that  the  progress  of  the  operation  is 
readily  visible.  In  this  chamber  are  arranged  a  number  of 
shelves  covered  with  tin,  a  metal  which  is  electro-negative  to 
lead.  Carbon,  or  any  metal  which  is  electro-negative  to  lead, 
may  be  used,  but  the  inventor  prefers  tin.  These  shelves  are 
connected  together  in  succession  by  means  of  strips  of  tin,  so 
that  when  lead  is  placed  on  them  they  form  an  electric  couple. 
Instead  of  having  the  shelves  a  fixture  in  the  chamber,  they 
may  be  constructed  on  an  open  framework  fitted  with  wheels  ; 
on  this,  while  outside  the  chamber,  the  lead  gratings  are 
arranged,  and  when  the  shelves  are  full  the  frame  and  its 
contents  are  run  into  the  chamber,  but  before  doing  so  the 
lead  is  soaked  in  a  solution  of  acetate  or  nitrate  of  lead.  The 
temperature  of  the  chamber  is  maintained  at  120°  F.  by  means 
of  steam  which  is  sent  into  it  for  that  purpose.  At  the  same 
time  currents  of  acetic  or  nitric  acid  vapours,  made  by  boiling 
dilute  solutions  of  those  acids,  are  conveyed  into  the  chamber, 
or  dioxide  of  nitrogen  with  acetic  acid  may  be  used.  The 
atmosphere  of  the  chamber  must  be  in  a  misty  condition,  and 
this  is  brought  about  by  regulating  the  current  of  acid  vapours 
and  steam  ;  this  state  of  affairs  is  kept  up  for  48  hours,  when  a 
current  of  pure  carbonic  acid  gas  is  sent  in  for  2  hours,  then 
stopped,  and  the  acid  gases  sent  in  by  themselves  for  4  hours, 
when  the  admission  of  carbonic  acid  is  again  resumed  for 
2  hours  ;  these  alternation  of  currents  of  acid  gases  and  steam 
for  4  hours,  and  acid  gases  and  steam  and  carbonic  acid  for 
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2  hours,  is  carried  on  for  14  to  15  days,  when  the  whole  of  the 
lead  will  be  found  to  be  converted  into  white  lead.  During  all 
this  time  the  temperature  must  be  kept  at  about  120°  F.,  and 
the  atmosphere  of  the  chamber  misty  ;  it  is  for  the  purpose  of 
closely  watching  the  progress  of  the  process  that  the  chamber  is 
fitted  with  windows.  The  carbonic  acid  gas  may  be  prepared 
by  any  well-known  method,  but  the  inventor  prefers  to  use  a 
petroleum  lamp  as  the  source  of  it.  After  the  operation  of 
making  the  white  lead  is  finished,  the  material  is  not  immedi- 
ately removed  from  the  chamber,  but  the  acid  gases  are  stopped, 
and  steam  only  sent  in,  which  serves  to  wash  the  product ;  then, 
after  a  time,  the  current  of  steam  is  stopped,  and  air  only  admitted, 
when  the  white  lead  becomes  dry.  It  is  now  taken  out  of  the 
chamber  and  finished  in  the  usual  way.  The  product  obtained 
by  Gardner's  process  is  of  good  colour  and  body,  and  is  equal  to, 
if  not  superior  than,  Dutch  white  lead  in  its  properties.  A 
sample  of  white  lead  made  by  this  process  examined  by  the 
author  contained — 

II '72  per  cent.    .....    lead  hydroxide. 

86*16       ,,         .       .       •       .       .    lead  carbonate. 
2*13       „  water. 

100-01 

It  has  rather  more  lead  carbonate  and  less  lead  hydroxide  than 
Dutch  white  lead.  In  point  of  colour  and  covering  power  it  is 
fully  equal  to  Dutch  white  lead,  but  is  somewhat  denser  or 
heavier.  One  advantage  said  to  be  possessed  by  this  process 
over  the  stack  method,  is  that  while  in  the  latter  it  is  essential 
to  work  with  the  purest  lead  which  can  be  made,  in  the  new  pro- 
cess ordinary  commercial  lead  gives  excellent  results.  The  process 
is  worked  by  the  Universal  White  Lead  Syndicate  at  Millwall. 

3rd  GROUP.    PRECIPITATION  PROCESSES, 

When  a  current  of  carbonic  acid  gas  is  passed  through  a  solu- 
tion of  a  basic  salt  of  lead,  such  as  the  basic  acetate  or  the  basic 
nitrate,  a  white  precipitate  will  be  obtained,  which  is  due  to 
the  combination  of  the  carbonic  acid  with  the  excess  of  lead 
oxide  contained  in  the  basic  salt ;  this  precipitate  consists  of  a 
more  or  less  basic  carbonate  of  lead.  At  the  same  time  a  solu- 
tion of  the  normal  salt  is  obtained,  because  carbonic  acid  is  too 
weak,  under  the  conditions,  to  displace  any  other  acid  from  its 
combination  with  lead.  This  action  of  the  carbonic  acid  gas  is 
shown  in  the  following  equation  : — 

3[Pb2C2H3  02,  2PbH2  02]    +    4C02    =    2[2PbCOs,  PbHsOg] 
Basic  acetate  of  lead.  White  lead. 

+    Pb2C2H3  02    +  4H2O 
Normal  acetate  of  lead. 
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although  this  may  not  accurately  represent  the  action  which  goes 
on  in  the  majority  of  cases. 

Various  salts  of  lead  are  used.  The  differences  between  the 
various  processes  based  on  the  principle  just  described,  depend 
upon  the  kind  of  salt  used,  and  the  method  of  carrying  out  the 
operation. 

These  processes  were  introduced  in  the  early  part  of  the 
century,  the  first  patent  being  dated  1808,  and  granted  to 
E.  Noble.  The  process  described  consisted  in  passing  a  current 
of  carbonic  acid  through  a  solution  of  lead  acetate.  A  very 
similar  method  is  known  as  Thenard's,  or  the  French,  process, 
and  will  be  found  described  below ;  while  another  precipitation- 
method  is  known  as  the  Kremnitz  process,  having  been  largely 
used  there  for  the  preparation  of  white  lead. 

The  precipitation-processes  based  on  the  action  of  carbonic  acid 
gas  upon  lead  salts  may  be  divided  into  two  sub-groups  : — • 
3a.  Dry  methods,  in  which  the  lead  salt  is  used  in  the  dry  state, 
or,  at  the  most,  simply  moistened.  3b.  Wet  methods,  in  which, 
the  lead  is  used  in  the  form  of  a  solution. 

3a.— DRY  PRECIPITATION  PROCESSES. 

1.  Kremnitz  Process. — This  process  owes  its  name  to  having 
been  worked  at  Kremnitz  in  Germany.  It  is  carried  on  in  a 
chamber  built  of  brick  or  wood,  having  a  iiumber  of  shelves,  on 
which  are  placed  trays  containing  a  paste  made  of  litharge  and 
either  acetic  acid  or  lead  acetate,  usually  in  the  proportions  of 
100  lbs.  of  litharge  to  18  pints  of  acetic  acid,  or  an  equivalent 
quantity  of  lead  acetate  solution.  When  the  chamber  is  filled 
carbonic  acid  gas  is  sent  into  it,  this  becomes  absorbed  by  the 
lead  oxide  present  in  the  paste,  the  absorption  of  the  gas  being 
facilitated  by  raking  over  the  paste  from  time  to  time,  the  mass 
being  kept  moist,  as  this  increases  the  absorption  of  the  gas. 
The  mass  originally  has  a  yellowish-grey  colour,  but  as  the 
operation  progresses  it  gradually  changes  into  a  white ;  and 
when  all  traces  of  yellow  have  disappeared,  the  operation  is 
stopped,  and  the  white  lead  which  is  made  is  first  washed  with 
water,  then  ground  and  dried. 

Care  is  taken  not  to  pass  the  carbonic  acid  in  too  long,  because 
this  would  induce  the  formation  of  the  normal,  instead  of  the 
basic,  carbonate,  which  means  poor  white  lead.  When  carefully 
worked,  good  results  can  be  obtained  by  this  process. 

The  following  analysis,  presumably  of  a  Kremnitz  white  lead, 
is  given  in  Wagner's  Technologie  : — 
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or 


Lead  oxide,        .       .       .       .       83*77  per  cent. 
Carbonic  acid,    .       .       .       .  15*06 
Water,  I'Ol 


Lead  hydroxide,        .       ,       ,         8*21  per  cent. 
Lead  carbonate,         .       .       ,  91*21 
Moisture,  0*42  ,, 


which  shows  that  this  sample  did  not  approach  Dutch  white 
lead  in  composition,  but  contained  more  carbonate. 

2.  MuUin  Process. — In  this  process,  which  is  not  now  in 
use,  litharge  was  ground  into  a  paste  with  water ;  the  paste 
was  then  placed  in  shallow  lead-lined  boxes,  in  layers  of  about 
an  inch  and  a  quarter  thick,  the  boxes  were  closed  by  a  lid, 
and  then  into  them  was  sent  currents  of  carbonic  acid  and 
acetic  acid  gases  ;  the  litharge  was  gradually  converted  into 
white  lead.  The  process  was,  presumably,  not  a  successful  one, 
or  it  would  not  have  gone  out  of  use. 


3b.~WET  PRECIPITATION  PROCESSES. 

In  this  group  of  processes  for  the  preparation  of  white  lead, 
the  lead  is  used  in  the  form  of  solution,  and  the  precipitation  is 
effected  by  means  of  a  current  of  carbonic  acid  gas.  There 
are  a  large  number  of  these  processes,  and  many  are  still  in 
use  on  the  large  scale.  The  differences  between  the  various 
processes  belonging  to  this  group  depend  upon  a  variety  of 
circumstances,  such  as  the  method  of  preparing  the  solution 
of  lead,  and  the  form  of  apparatus  used,  on  which  to  a  large 
extent  depends  the  subsidiary,  but  not  unimportant  point,  the 
method  of  applying  the  carbonic  acid  to  the  lead  solution. 

1.  Thenard  Process. — This  process,  from  having  been  worked 
on  a  large  scale  at  Clichy,  in  France,  is  known  as  the  French 
process ;  it  is  also  described  in  the  patent  granted  to  E.  Noble 
in  1808. 

The  principle  of  the  Thenard  process,  which  is  also  applicable 
to  many  others  of  this  group,  is  that  when  a  solution  of  normal 
lead  acetate  is  boiled  with  litharge,  some  of  the  latter  is  dis- 
solved, and  a  solution  of  basic  lead  acetate,  known  as  "Goulard's 
Extract,"  ^'Extract  of  Saturn,"  &c.,  is  obtained.  The  reaction 
is  expressed  in  the  following  equation  : — 

Pb2C2H302    +    2PbO    +    2H2O    =    Pb  2  C2  H3  O2,  2  Pb  H2  O2 
Novmal  acetate  Litharge.  Water.  Basic  acetate  of  lead, 

of  lead. 


THENARD  PROCESS. 


27 


If  a  current  of  carbonic  acid  is  passed  through  this  solution  of 
basic  acetate  of  lead,  the  lead  hydroxide  it  contains  is  precipitated 
as  a  more  or  less  basic  carbonate,  thus  — 

S[Pb2C2H3  0,  2PbH2  02]    +    4CO2    =    2  [Pb  C  O2,  Pb  H2  O2] 
Basic  acetate  of  lead.  Carbonic  acid.  Whiite  lead. 

+   3Pb2C2H3  02   +  4H2O 
Normal  acetate 
of  lead. 

The  normal  acetate  which  is  thus  re-formed  can  be  used  again 
for  preparing  a  fresh  solution  of  basic  acetate  of  lead ;  of  course, 
while,  theoretically,  a  very  little  normal  acetate  is  sufficient  for 
the  preparation  of  a  large  quantity  of  white  lead,  and  there 
should  be  no  loss,  practically,  a  small  quantity  of  new  acetate 
has  to  be  added  from  time  to  time  to  make  up  for  the  little  loss 
which  does  occur. 

The  apparatus  used  in  carrying  out  the  French  process  at 
Clichy  is  shown  m  Fig.  6.  In  a  vessel.  A,  of  convenient  size, 
litharge  is  dissolved  in  a  solution  of  lead  acetate,  the  solution 
being  accelerated  by  heating  the  solution  by  means  of  the  steam 
pipe,  B ;  from  this  vessel  the  liquor  in  A  runs  into  another 
vessel,  C,  in  which  all  insoluble  matter  settles  out.  The  clear 
solution  is  now  run  into  a  trough-shaped  vessel,  D,  into  which 
dip  a  number  of  pipes  connected  with  the  large  main  pipe,  E, 
through  which  a  stream  of  carbonic  acid  gas  from  the  generating 
system,  F  G,  flows.  This  system  consists  of  an  oven,  F,  in 
which  is  burnt  a  mixture  of  chalk  and  coke,  from  which  a  large 
quantity  of  carbonic  acid  gas  is  evolved  ;  this  gas  is  washed  in 
the  apparatus,  G,  by  passing  it  through  water,  after  which  it 
passes  into  the  solution  of  lead  in  the  vessel,  E,  precipitating 
white  lead  from  it  in  so  doing  ;  the  length  of  time  of  treating 
depends  upon  the  quantity  and  basicity  of  the  lead  solution,  but 
usuall}^  it  takes  from  12  to  14  hours.  At  the  end  of  this  time 
the  current  of  gas  is  stopped  and  the  white  lead  allowed  to 
settle ;  the  clear  liquor,  which  is  a  solution  of  the  neutral 
acetate,  is  run  into  a  vessel,  H,  from  which  it  is  pumped  up  by 
the  pump,  I,  into  the  vessel.  A,  to  dissolve  more  litharge  for  a 
fresh  operation.  The  mass  of  white  lead  which  settles  at  the 
bottom  of  the  vessel,  E,  is  run  into  another  vessel,  K,  from 
whence  it  passes  on  to  filters  to  be  washed,  and  then  it  is  finished 
in  the  usual  way. 

The  product  given  by  this  process  is  fairly  good,  but  liable  to 
vary  in  composition  from  time  to  time,  according  to  the  strength 
of  the  solution  of  basic  lead  acetate,  and  to  the  basicity  or  pro- 
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portion  of  lead  oxicle  the  lead  acetate  has  dissolved.  These  are 
points  to  which  reference  will  be  made  in  describing  other 
processes. 

2.  Cory  Process. — The  same  materials  are  used  in  this  pro- 
cess as  in  the  last,  viz.,  basic  lead  acetate  and  carbonic  acid  gas, 
but  it  differs  in  the  form  of  apparatus  used.  The  process  has 
been  worked  on  a  large  scale  for  a  long  period.    It  was  first 
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Fig.  7. — Cory's  process  for  making  white  lead. 


patented  in  1838,  and  the  white  lead  produced  by  it  is  favour- 
ably spoken  of  by  users.  The  author  believes  that  the  process 
is  still  in  use. 

The  plant  used  is  shown  in  Fig.  7.  A  chamber  is  built  of 
brickwork  ;  the  bottom  is  made  watertight  and  sloping  towards 
one  end  so  that  any  liquor  which  may  fall  upon  it  drains  away 
into  a  tank ;  this  chamber  is  divided  by  a  number  of  vertical 
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partitions  into  compartments  ;  the  partitions  are  so  constructed 
that  each  alternate  one  does  not  quite  reach  the  top  while  the 
others  do  not  quite  reach  the  bottom,  as  shown  in  the  figure  ; 
the  object  of  this  is  to  make  the  carbonic  acid  gas,  which  is  sent 
into  the  chamber  at  one  end,  take  a  circuitous  course  before  it 
passes  out  at  the  other  end.  Above  the  chamber  is  a  tank,  the 
bottom  of  which  forms  the  roof  of  the  chamber,  which  bottom  is 
perforated  with  a  large  number  of  fine  holes,  so  that  any  liquor 
which  may  be  run  into  the  tank  flows  through  into  the  chamber 
below,  in  a  fine  stream  like  rain.  In  another  tank  a  solution  of 
basic  acetate  of  lead  is  prepared  in  the  usual  way,  this  flows  into 
the  chamber  tank  and  from  thence  into  the  chamber  ;  here  it 
comes  into  contact  with  carbonic  acid  gas  which  is  sent  into  the 
chamber,  the  action  between  the  lead  solution  and  the  gas  being 
facilitated  by  the  liquor  being  in  such  a  finely  divided  form. 

The  lead  solution  falls  down  to  the  bottom  of  the  chamber, 
and  thence  into  settling  tanks,  where  the  white  lead  which  is 
formed  settles ;  it  is  collected,  washed,  dried,  and  finished  in  the 
usual  way,  while  the  solution  of  neutral  acetate  of  lead,  which  is 
also  obtained,  is  used  over  again. 

3.  Milner  Process. — Milner  does  not  use  the  basic  acetate  of 
lead  in  his  process,  but  prepares  his  lead  solution  by  taking  4  lbs. 
of  finely-ground  litharge,  and  mixing  it  with  1  lb.  of  salt  dis- 
solved in  16  lbs.  of  water,  the  mixture  being  made  in  wooden 
tanks.  The  patentee  states  that  these  should  be  made  of  yellow 
pine  ;  oak-wood  tanks  will  not  do.  In  the  tanks  the  mixture  is 
well  agitated  for  about  4^  hours,  at  the  end  of  which  time  it  will 
have  been  converted  into  the  basic  chloride  of  lead.  When  the 
basic  chloride  has  been  fully  formed,  it  is  run  into  covered 
wooden  tanks  fitted  with  agitators;  through  these  tanks  a 
current  of  carbonic  acid  gas  passes,  which,  acting  on  the  basic 
chloride,  converts  the  latter  into  white  lead.  Instead  of  this 
procedure,  the  basic  chloride  may  be  mixed  in  lead-lined  tanks 
with  caustic  soda,  and  gas  is  passed  into  the  tanks,  as  before, 
until  the  liquor  ceases  to  be  alkaline.  This  point  is  ascertained 
by  the  workmen  taking  a  little  of  the  mixture  out  of  the  tanks 
from  time  to  time ;  if  it  appear  viscid,  forming  a  homogeneous 
mass  and  an  even  layer  on  the  sides  of  the  glass,  then  sufficient 
gas  has  not  been  passed  in;  if,  however,  it  forms  a  sort  of 
arborescent  pattern  on  the  sides  of  the  glass,  the  operation  is 
finished ;  the  current  of  gas  is  then  stopped,  and  the  white  lead 
sent  to  be  finished  in  the  usual  way. 

The  process  is  said  to  yield  a  white  lead  of  good  colour  and 
body,  and  very  heavy,  weighing  about  200  lbs.  to  a  cubic  foot. 
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Tt  was  worked  by  the  Sankey  White  Lead  Co.,  but  has  been  dis- 
continued for  some  time. 

4.  Martin  Process. — Martin's  process  for  the  preparation 
of  white  lead  is  based  on  the  action  of  carbonic  acid  on  solutions 
of  basic  acetate  of  lead  ;  whether  this  process  was  ever  used  on 
the  large  scale  the  author  has  no  knowledge.  One  great  fault  of 
all  precipitation-processes  for  the  manufacture  of  white  lead  is 
that  they  are  apt  to  give  a  product  which  is  more  or  less  crystal- 
line, a  condition  fatal  to  its  being  of  good  quality  ;  the  colour 
may  be  good,  but  the  body  is  always  deficient.  The  patentee 
states  that  this  depends  upon  the  proportion  of  acid  solvent  of  the 
litharge  to  the  water  which  is  used  in  the  process  ;  if  the  water 
be  in  excess,  then  too  much  basic  salt  is  formed,  and  the  carbonic 
acid,  acting  too  energetically  upon  this,  causes  the  formation  of  a 
crystalline  product;  therefore  the  acid  solvent  must  be  in  excess. 
Martin  prepares  a  solution  of  the  neutral  acetate  of  lead  in  one 
and  a-half  times  its  weight  of  water,  or  litharge  may  be  dissolved 
in  acetic  acid  in  such  a  way  as  to  produce  a  similar  solution. 
3,600  gallons  of  this  solution  are  placed  in  a  tank  fitted  with  an 
agitator;  there  is  then  added  4  to  6  tons  of  granulated  lead,  and 
half  a  ton  of  litharge.  After  thoroughly  mixing  the  materials 
together,  carbonic  acid  gas  is  passed  in  for  an  hour,  when  all  the 
litharge  will  have  been  converted  into  white  lead,  then  half  a  ton 
more  litharge  is  added,  and  more  carbonic  acid  ;  m  about  an 
hour  this  second  lot  of  litharge  will  be  converted  into  white 
lead,  then  more  litharge  is  added,  carbonic  acid  being  mean- 
while sent  in  ;  these  additions  of  litharge  are  continued  hourly 
until  sufficient  white  lead  has  been  formed,  when  it  is  collected 
and  finished  in  the  usual  way.  If  thought  desirable,  instead  of 
adding  the  litharge  in  lots  every  hour  it  may  be  run  in  in  a 
constant  stream.  During  the  operation  the  temperature  is 
maintained  at  about  100°  F. 

The  distinctive  feature  of  this  process  is  using  the  litharge 
in  an  undissolved  form,  and  strong  solutions  of  lead  acetate. 
In  the  absence  of  practical  experience  of  the  process  it  is  not 
easy  to  speak  definitely  on  the  efiect  of  using  such  strong 
solutions,  but,  judging  from  the  known  effects  of  using  strong 
solutions  on  the  character  of  precipitates  obtained  in  other  cases, 
one  would  naturally  imagine  that  the  white  lead  formed  would 
have  a  crystalline  character,  and  not  that  amorphous  condition 
which  is  required  in  good  white  lead,  still  the  patentee  states 
that  such  is  not  the  case. 

When  the  principles  which  underlie  these  precipitation- 
processes  are  considered,  it  becomes  evident  that  the  character 
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of  the  white  lead,  both  chemically  and  physically,  materially 
affects  its  value  as  a  pigment.  This  character  will  depend 
upon  the  character  of  the  soliifcion  of  lead  which  is  used,  the 
temperature  at  Avhich  the  reaction  between  the  carbonic  acid 
gas  and  the  lead  salt  takes  place,  and  the  strength  of  the 
solutions  used  ;  on  these  points  information  is  scanty,  and  very 
few  of  the  inventors  of  white-lead  processes  have  mentioned 
the  influence  of  any  of  them.  The  character  and  basicity  of 
the  lead  salt  will  have  some  influence  on  the  result ;  the 
basicity  should  be  due  to  the  presence  of  lead  hydroxide, 
and  not  to  lead  oxide,  or,  at  all  events,  the  latter  should  be 
present  in  only  small  quantities.  To  ensure  the  production 
of  lead  hydroxide,  water  seems  to  be  necessary,  and  therefore 
should  be  used  in  sufficient  quantity.  The  quantity  of  carbonic 
acid  should  be  so  regulated  that  not  more  than  two-thirds  of 
the  base  present  is  converted  into  carbonate  ;  if  too  much  gas 
is  used,  then  all  the  base  will  be  liable  to  be  converted  into 
carbonate,  and  the  white  lead  has  a  tendency  to  become 
crystalline ;  the  difficulty  is  to  ascertain  when  sufficient  gas 
has  been  used.  The  strength  of  the  solution  of  lead  will  also 
have  some  influence,  but  the  diversity  of  opinion  among  white- 
lead  makers  as  to  the  proper  strength  is  great ;  some  prefer 
strong  solutions,  others  weak  ones.  As  a  rule,  weak  solutions 
give  the  finest  precipitates,  and  strong  solutions  give  the  coarsest. 
The  temperature  at  which  the  operation  is  conducted  will  have 
some  little  influence;  cold  solutions  will  cause  the  formation 
of  fine  precipitates,  while  hot  solutions  tend  to  give  rise  to  crys- 
talline precipitates,  due  to  the  fact  that  the  reaction  between 
the  carbonic  acid  and  the  lead  salt  takes  place  too  readily ;  still 
it  is  not  desirable  to  work  with  solutions  that  are  too  cold; 
the  best  temperature  is  from  100°  to  120°  F. 

5.  Fourmentin  Process. — This  was  proposed  many  years 
ago,  and  somewhat  resembles  Milner's  process.  Litharge  is 
taken  and  treated  with  salt  in  such  proportions  as  to  convert 
it  into  oxychloride  of  lead ;  this  body  is  placed  along  with 
water  in  a  number  of  cylindrical  vessels  fitted  with  radial 
beaters.  Carbonic  acid  is  sent  in,  while  the  temperature  is 
maintained  at  the  boiling  point.  When  the  reaction  between 
the  acid  and  the  lead  has  finished,  the  current  of  gas  is  stopped 
and  the  product  run  into  a  boiler,  in  which  it  is  boiled  with  a 
quantity  of  finely-powdered  carbonate  of  lime,  equivalent  to  the 
amount  of  salt  used  in  the  preparation  of  the  oxychloride,  this 
boiling  being  continued  until,  on  taking  out  a  sample,  and 
filtering  ofi*  and  testing  the  clear  liq^uor  with  ammonia  and 
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ammonium  sulphide,  no  precipitate  forms ;  the  period  of  boiling 
varies  from  two  to  four  hours.  When  the  boiling  with  the 
carbonate  of  lime  has  been  continued  long  enough,  the  opera- 
tion is  stopped,  and  the  white  lead  allowed  to  settle  out,  collected 
and  finished  in  the  usual  way. 

6.  Spence  Process. — The  principle  of  this  process  consists  in 
boiling  a  salt  of  lead  (the  oxide  or  carbonate  gives  the  best 
results,  but  the  sulphate  or  other  salt  which  can  be  dissolved 
by  caustic  soda  may  be  used)  with  a  solution  of  caustic  soda 
until  the  alkali  is  saturated  with  lead ;  then  a  current  of 
carbonic  acid  is  passed  through  the  liquor,  and  white  lead  is 
precipitated,  while  carbonate  of  soda  is  formed.  The  latter  can 
be  causticised  by  means  of  lime,  and  used  over  again.  The 
white  lead  which  is  precipitated  is  collected,  washed,  and  finished 
in  the  ordinary  way.  This  process  has  not  been  used  on  a 
commercial  scale. 

7.  Maclvor  Process. — The  principle  of  this  process  depends 
upon  the  fact  that  when  litharge  is  acted  upon  by  acetate  of 
ammonia  under  the  combined  influence  of  heat  and  pressure,  it  is 
converted  into  basic  acetate  of  ammonia  and  lead,  while  ammonia 
is  liberated  in  the  free  condition,  and  dissolves  in  the  water 
which  is  present  to  form  the  liquor  ammonia  of  commerce. 
Then,  when  a  current  of  carbonic  acid  gas  is  passed  through  the 
mixture  of  basic  acetate  of  lead  and  ammonia,  the  lead  is  precipi- 
tated as  basic  carbonate  or  white  lead,  of  good  colour  and 
covering  power  ;  while  acetate  of  ammonia  is  re-formed  and  can 
be  used  again  for  dissolving  a  fresh  batch  of  litharge.  The  pro- 
cess is  carried  out  somewhat  in  the  following  manner : — Into  a 
digester  made  of  strong  iron  plate  lined  with  lead,  is  placed  a 
solution  of  acetate  of  ammonia  of  not  less  than  5  per  cent, 
strength  and  a  quantity  of  litharge  which  has  been  previously 
very  finely  ground.  The  proportions  of  the  two  will  depend 
upon  the  strength  of  the  solution  of  ammonia  acetate  which  is 
used ;  for  that  given,  1  ton  of  litharge  is  used  for  1,200  gallons  of 
liquor.  The  digestor  is  closed.  The  acetate  solution  is  sent 
through  a  heater  so  that  it  may  have  a  temperature  of  from  60°  to 
100°  and  then  into  the  digestor,  passing  into  it  from  a  pipe 
fitted  with  a  conical  spreader  at  its  lower  end ;  the  acetate  solu- 
tion flows  upwards  through  the  litharge,  efiectually  agitating  the 
mass  and  so  assisting  its  solution  ;  from  the  digestor  the  liquor  is 
drawn  off  from  the  upper  portion  by  means  of  a  pump  and  passed 
through  the  heater  and  again  into  the  digestor,  this  cycle  of  flow 
being  continued  until  all,  or  nearly  all,  the  litharge  is  dissolved. 
The  solutiou  of  basic  acetate  of  lead  and  ammonia  is  now  passed 
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through  a  filter-press  into  a  cooler,  from  which  it  flows  into  a 
carbonator.  The  cooling  of  the  liquor  causes  the  separation  of 
much  of  the  basic  acetate  of  lead  in  the  form  of  fine  crystals,  so 
that  in  the  carbonator  a  fine  magma  is  presented  to  the  action  of 
the  carbonic  acid  gas,  which  is  sent  into  it  from  any  convenient 
source.  A  circulation  of  the  mass  in  the  carbonator  is  kept  up 
by  drawing  off  from  the  upper  portion  of  the  carbonator  and 
forcing  it  by  means  of  a  pump  through  a  pipe,  with  a  conical 
spreader  at  its  end,  to  the  bottom  of  the  carbonator  ;  in  this  way 
every  part  of  the  mass  of  liquor  and  crystals  is  made  to  come  in 
contact  with  carbonic  acid  gas.  The  white  lead  is  rapidly  formed 
as  a  fine  white  precipitate.  When  it  is  considered  that  the 
carbonation  is  finished  the  whole  mass  is  passed  through  a  filter- 
press,  so  as  to  separate  the  white  lead  formed,  while  the  liquor, 
which  consists  of  a  solution  of  acetate  of  ammonia,  together  with 
unchanged  basic  acetate  of  lead  and  free  ammonia,  is  sent  to  the 
digestor  to  be  used  again.  The  process  is  a  rapid  one  ;  the  solu- 
tion of  the  litharge  in  the  acetate  of  ammonia  does  not  take  long, 
while  the  conversion  of  the  basic  acetate  of  lead  into  white  lead 
in  the  carbonator  is  almost  instantaneous.  The  process  is  being 
worked  by  a  limited  company. 

8  and  9.  Corbett  Process  and  Charlier  Process. — The 
two  methods,  devised  and  patented  by  F.  J.  Corbett  (English 
Patents,  Nos.  10,370  of  1900  and  11,337  of  1901)  and  A.  C.  J. 
Charlier  (English  Patent,  No.  5,637  of  1902),  are  here  grouped 
together  because  of  a  considerable  similarity  between  them. 
Corbett  employs  an  apparatus  consisting  of  a  stout  cylindrical 
vessel  of  iron  or  copper  capable  of  resisting  a  pressure  of  120  lbs. 
per  square  inch.  This  is  arranged  to  rotate  on  trunnions  on  its 
short  axis.  On  one  end  is  mounted  a  manhole  to  charge  and 
discharge  the  cylinder  with.  Both  the  trunnions  are  hollow; 
to  one  is  attached  a  pressure-gauge,  to  the  other  a  gas-com- 
pressor capable  of  delivering  carbonic  acid  gas  under  pressure. 
The  size  may  be  any  convenient  one.  The  charge  and  mode 
of  working  are  as  follows  : — 

Six  gallons  of  water  are  put  in  the  cylinder  along  with  4|  lbs. 
of  lead  acetate  and  500  c.c.  of  methylated  spirit.  The  cylinder 
is  rotated  for  a  few  minutes  to  bring  the  ingredients  into 
thorough  mixture;  then  28  lbs.  of  litharge  are  added,  the 
cylinder  rotated  for  ten  minutes,  and  carbonic  acid  gas  sent  in 
until  a  pressure  of  80  lbs.  is  recorded,  when  the  flow  of  the  gas 
is  stopped.  The  rotation  of  the  cylinder  is  continued  until  the 
pressure  is  reduced  to  0  lb.,  which  takes  twenty  to  twenty-five 
minutes.    The  process  is  ended,  the  cylinder  is  opened,  and  the 
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contents  run  into  a  washer,  in  which  the  white  lead  is  washed 
with  water  to  free  it  from  any  alcohol,  acetic  acid,  or  lead 
acetate  which  may  be  present,  and  dried.  The  white  lead  so 
produced  is  of  excellent  quality,  fully  equal  to  a  Dutch  process 
lead  in  every  particular.    It  usually  contains 

Lead  carbonate,  69  to  70  per  cent. 

,,    hydroxide,  31  ,,  30  ,, 

Charlier  uses  an  almost  identical  apparatus.  Ten  gallons 
of  water  are  put  into  the  cylinder  with  2  to  3  lbs.  of  acetic  acid; 
40  lbs.  of  litharge  are  then  added,  and  the  mixture  rotated  until 
the  ingredients  are  mixed.  Carbonic  acid  gas  is  sent  into  the 
cylinder  until  the  pressure  registers  40  lbs.,  at  which  it  is 
maintained  for  ten  minutes,  then  the  inflow  of  the  gas  is 
stopped.  Absorption  of  the  gas  takes  place  and  in  about 
twenty  minutes  is  completed.  The  white  lead  so  made  is 
washed  and  dried.  It  is  a  fine  white  powder,  perfectly 
amorphous  and  of  a  good  colour ;  in  covering  power  and 
opacity  it  is  equal  to  the  best  stack-made  lead.  It  contains 
69  to  70  per  cent,  of  lead  carbonate  and  31  to  30  per  cent, 
of  lead  hydroxide. 

The  author  has  seen  samples  of  products  from  both  these 
processes,  and  has  found  them  of  excellent  quality.  The 
specifications  of  the  patents  should  be  referred  to  for  further 
interesting  details. 

A  process  being  developed  in  America  under  the  name  of  the 
M^Dougall  process  closely  resembles  these. 

10.  Montgomerie  Process  (English  Patent,  No.  15,742  of 
1903). — Lead  is  melted  in  a  suitable  furnace,  from  which  it  is 
driven  as  spray  by  a  blast  of  hot  air  into  a  chamber  where 
it  meets  with  a  spray  of  water.  It  now  undergoes  partial 
oxidation,  next  it  is  taken  to  a  mixing  machine,  then  into  a 
carbonating  drum  where  it  is  partially  converted  into  lead 
carbonate,  then  it  is  passed  through  another  mixer  and  grinder, 
again  sent  into  a  carbonating  drum,  and  finally  ground. 

11.  The  Rowley  Process,  worked  in  America  by  the  Rowley 
Lead  Company,  of  St.  Louis,  Mo.,  is  similar  if  not  identical. 
Soft  metallic  lead  is  melted  in  a  furnace,  and,  on  flowing  out,  is 
sprayed  by  a  current  of  superheated  steam  into  a  cylinder. 
The  steam  and  air  converts  the  lead  into  sub-hydroxide,  then  it 
is  passed  into  drums  fitted  with  agitators ;  here  it  is  stirred 
with  water  and  oxidised  by  a  current  of  air;  from  these  oxidising 
drums  it  is  passed  into  carbonating  drums,  where  a  current  of 
carbonic  acid  meets  it  converting  it  into  carbonate;  then  it  is 
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filtered,  and,  when  dried,  is  ready  for  use.  The  plant  is  de- 
scribed and  illustrated  in  Drugs,  Oils,  and  Paints  for  January, 
1905,  pp.  295-303. 

Defects  of  Wet  Precipitation  Processes. — The  main  fault 
of  the  wet  precipitation  processes  appears  to  be  the  variable 
nature  of  the  product  unless  great  care  be  always  taken  to  work 
under  the  same  conditions.  It  may  be  presumed  that  the  white 
lead  precipitated  will  vary  in  composition  as  a  consequence  of 
variations  in  the  basicity  of  the  lead  salt,  the  strength  of  the 
solution,  and  the  temperature.  Some  experiments  made  by  the 
author  show  that  these  have  an  influence  on  the  composition  of 
the  white  lead  thrown  down. 

Basicity. — Thus,  when  the  ratio  of  basicity  of  the  lead  salt  is 
Pb  2     H3  Oo  :  Pb  0,  the  white  lead  had  the  composition- 
Si -44  per  cent,   PbO, 

14-06      „   CO2, 

4-50   H2O; 

while,  when  the  ratio  of  basicity  was  Pb  2  H3  :  2  Pb  0,  the 
white  lead  contained — 

83-65  per  cent  PbO, 

16-7       „   CO2, 

which  shows  that  the  greater  the  basicity  the  more  nearly  does 
the  precipitated  white  lead  approach  to  the  normal  carbonate, 
Pb  C  O3,  in  composition. 

Bischof  Process. — (See  p.  46.) 

Temperature  also  has  some  influence.  Raising  the  tempera- 
ture at  which  the  precipitation  takes  place  appears  to  lead  to 
less  lead  carbonate  being  formed  and  to  the  white  lead  containing 
more  lead  hydroxide  or  even  lead  oxide.  Thus,  white  leads  pre- 
cipitated from  solutions  of  basic  lead  acetate  (Pb202H3  02  :  PbO) 
at  varying  temperatures  contained  varying  amounts  of  lead  oxide 
(Pb  0)  and  carbonic  acid  (0  Og)  as  follows  : — 


Temperature.  C  O2.  Pb  O. 

212°  F.,  .       .       .       .  11-89  85  -27 

150°  F.,  ....  13-07  82-57 

100°  F.,  .       .       .       .  13-63  78-87 

70°  F.,  .       .       .       .  13-6  78-9 


Thus,  at  temperatures  varying  from  70°  to  100°  P.,  the  results 
were  practically  identical;  at  150°  F.  less  carbonic  acid  was 
absorbed,  and  still  less  at  212°  F. 

The  degree  of  dilution  of  the  solutions  of  basic  lead  acetate 
employed  will  have  some  influence ;  experiments  made  by  the 
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author  showing  that  the  lead  is  more  easily  precipitated  from 
weak  solutions  than  from  strong  ones. 


4th  GROUP.    PRECIPITATION  PROCESSES  WITH 
ALKALINE  CARBONATES. 

When  a  solution  of  sodium  carbonate,  or  other  alkaline  car- 
bonate, is  added  to  a  solution  of  lead,  a  white  precipitate  of  a  more 
or  less  basic  carbonate  of  lead  is  obtained;  insoluble  basic  or 
neutral  salts  of  lead,  such  as  the  oxychloride  or  the  sulphate,  are 
also  acted  upon  by  alkaline  carbonates,  and  basic  lead  carbonate 
is  formed ;  these  reactions  are  formulated  in  the  following 
equations  : — 

Pb2C2H3  02,  2PbH2  02    +    2Na2C03    =    2 Pb C O3,  Pb Hg  O2 

Basic  acetate  of  lead.  Sodium  carbonate.  White  lead. 

+    2]SraC2H3  02    +  2NaOH 
Sodium  acetate. 

Pb2  0Cl2  +  2Na2C03  +  H2O  =  2PbC03  +  2^01  +  2NaOH 

Lead  Sodium  Water.  Lead  Sodium  Sodium 

oxychloride.         carbonate.  carbonate.  chloride.  hydroxide. 

PbS04    +    Na2C03    =    PbCOg    +    Na2  S  O4 
Lead  sulphate.  Sodium  Lead  Sodium 

carbonate.  carbonate.  sulphate. 

The  chief  difficulties  met  with  in  carrying  out  the  processes 
depending  upon  the  action  illustrated  in  the  above  equations,  are 
to  prevent  the  formation  of  a  highly  crystalline  neutral  carbonate 
and  to  ensure  that  the  precipitate  shall  have  the  necessary 
amount  of  basicity  ;  for,  as  will  be  seen  from  the  above  equations, 
the  tendency  is  to  form  the  normal  carbonate  of  lead  instead  of 
the  basic  carbonate. 

These  methods  of  preparing  white  lead  early  attracted  atten- 
tion from  white-lead  makers,  and  many  and  various  have  been 
the  processes  which  have  been  patented  and  tried  for  the  manu- 
facture of  the  pigment  by  such  methods.  While  there  is  no 
doubt  that  good  white  lead  can  be  made  by  them,  yet  the  results 
seem  to  be  so  variable  that  from  a  commercial  point  of  view 
these  processes  have  always  been  failures. 

The  first  patented  process  belonging  to  this  group  dates  from 
1797  when  the  Earl  of  Dundonald  secured  a  patent  for  making 
white  lead  from  the  oxychloride  of  lead. 

1.  Dundonald  Process. — Litharge  is  taken  and  is  treated 
with  sufficient  salt  and  water  as  to  convert  it  into  the  oxy- 
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chloride  of  lead,  in  the  manrier  which  will  be  found  more  fully 
detailed  on  p.  30.  The  insoluble  oxy chloride  is  collected,  washed 
to  free  it  from  alkaline  salts,  then  boiled  in  a  solution  of  potash 
(potassium  carbonate),  when  it  is  converted  into  white  lead, 
which  is  collected,  and,  after  washing,  dried  ;  it  is  then  ready  for 
use.  A  very  similar  process  was  patented  some  years  later  by 
James  Kier.  No  record  exists  as  to  whether  this  process  was 
much,  if  at  all,  used  on  the  large  scale. 

2.  Pattinson  Process. — Mr.  Hugh  Lee  Pattinson,  a  large 
lead-smelter  of  Newcastle,  has  prepared  white  lead  by  many 
processes ;  "  Pattinson's  white  lead "  (which  see)  is  the  oxy- 
chloride  of  lead.  The  process,  which  comes  under  the  present 
group,  has  for  its  object  the  preparation  of  ordinary  white  lead. 
Chloride  of  lead  prepared  by  any  convenient  process  is  mixed 
with  carbonate  of  lime  in  the  proportion  of  their  chemical 
equivalents,  278  to  100,  and  the  mixture  is  ground  with  water 
for  several  hours,  then  allowed  to  stand  all  night,  the  clear 
liquor  (which  consists  principally  of  a  solution  of  chloride  of 
calcium)  run  off,  more  water  added,  and  the  grinding  resumed 
for  a  few  hours  ;  then  it  is  again  allowed  to  stand  all  night  and 
the  clear  liquid  again  drawn  off.  These  operations  are  continued 
until  the  effluent  water  is  tasteless.  The  white  lead,  after 
being  finished  in  the  usual  manner,  is  ready  for  use.  Instead 
of  the  process  just  described  a  solution  of  the  carbonate  of  lime 
or  of  carbonate  of  magnesia,  made  by  means  of  carbonic  acid,  is 
used  to  act  on  the  lead  chloride. 

In  another  modification  of  the  process,  chloride  of  lead  and 
carbonate  of  calcium  are  placed  in  a  revolving  cylinder  and  a 
current  of  carbonic  acid  gas  sent  into  the  mixture,  preferably 
the  gas  is  used  at  a  pressure  of  four  or  five  atmospheres  ;  after 
four  days  the  aqueous  liquor,  which  is,  as  before,  a  solution  of 
calcium  chloride,  is  drawn  off,  more  water  run  in  and  the  gas 
again  passed  in  for  two  days  longer,  when  the  reaction  is 
completed,  and  the  white  lead  only  requires  finishing  to  be 
ready  for  use.  This  process  does  not  seem  to  have  been  much 
used. 

3.  Dale  and  Milner  Process. — The  inventors  take  litharge 
or  a  basic  salt  of  lead  and  grind  it  with  water  and  bicarbonate 
of  soda  for  some  time,  when  white  lead  is  formed.  This  process 
was  worked  on  a  large  scale  for  a  short  time,  but  it  was  super- 
seded by  Milner's  process  described  above.  A  process  patented 
by  Isham  Baggs  was  almost  identical  with  this.  The  results 
were  not  very  satisfactory  as  the  white  lead  obtained  was  rather 
too  crystalline  in  structure. 
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4.  Watt  and  Tebbutt  Process. — This  consisted  in  treating 
sulphate  of  lead,  first  with  lime,  then  with  potash.  Cooper  uses 
25  lbs.  of  sulphate  of  lead  to  10  lbs.  of  potash.  The  action  of 
alkaline  carbonates  upon  lead  sulphate  is,  at  the  best,  but  im- 
perfect, and  a  complete  change  into  carbonate  is  never  obtained. 

5.  Delafield  Process. — Delafield  uses  nitrate  of  lead,  which 
he  prepares  by  dissolving  one  cwt.  of  litharge  in  one  cwt.  of 
nitric  acid  and  just  enough  water  to  form  a  saturated  solution. 
This  is  heated  by  steam  to  a  temperature  of  about  200°  F. 
When  a  hot  solution  of  70  lbs.  of  potash  is  run  in,  white  lead  is 
precipitated,  which  is  collected  and,  after  washing,  dried.  The 
product  is  liable  to  contain  too  much  carbonate  and,  therefore, 
to  be  deficient  in  body. 

6.  Rowan  Process. — This  resembles  the  Watt  and  Tebbutt 
process,  only  the  action  between  the  lead  salts  and  the  alkaline 
carbonate  is  effected  under  a  pressure  of  from  30  to  40  lbs. 

7.  Lowe  Process. — In  Patent  No.  9,122  of  1887,  a  process  for 
making  white  lead  is  described,  which  consists  of  the  following 
operations  : — 50  lbs.  of  lead  acetate,  or  43 '6  lbs.  of  lead  nitrate, 
are  dissolved  in  25  to  30  gallons  of  water ;  to  this  solution 
is  then  added  23  lbs.  of  solid  bicarbonate  of  soda  or  26*4  lbs.  of 
solid  bicarbonate  of  potash,  when  a  precipitate  of  a  more  or  less 
basic  carbonate  of  lead  will  be  obtained.  In  another  vessel 
25  lbs.  of  lead  acetate  and  15  lbs.  of  litharge  are  digested  with 
12|  gallons  of  water  for  8  to  10  hours,  when  the  product  which 
is  obtained  is  mixed  with  the  precipitate  obtained  in  the  first 
instance.  White  lead  is  formed  and  is  collected  and  finished  in 
the  common  way.  An  analysis  of  a  sample  of  white  lead  made 
by  this  process  is  given  in  the  patent,  as  follows  : — 

Lead  monoxide,  Pb  0,      ....       86*185  per  cent. 
Carbonic  acid,  C  O9,        ....  11*270 
Water,      O,   .   2*545 

which  differs  but  little  from  that  of  the  Dutch  process  white 
lead. 

8.  Condy  Process. — This  process  was  patented  in  1881,  and 
has  been  worked  on  a  large  scale  ;  but  whether  the  process  is 
now  in  use  or  not  the  author  is  unaware.  In  this  process,  acetic 
acid  of  1  *045  specific  gravity  is  diluted  with  about  five  times  its 
volume  of  water,  and  allowed  to  act  on  granulated  lead  until  a 
solution  of  lead  acetate  of  1*2  specific  gravity  is  obtained  ;  this 
solution  is  evaporated  to  dryness,  when  the  bibasic  lead  acetate 
is  obtained.  275  lbs.  of  bibasic  acetate  of  lead,  112  lbs.  of 
litharge  and  5  gallons  of  water  are  ground  together  into  a  paste. 
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Instead  of  preparing  the  bibasic  acetate  the  neutral  acetate  may 
be  used  ;  in  this  case,  189  lbs.  are  ground  with  229  lbs.  of 
litharge  and  21  lbs.  of  water  for  a  few  hours,  and  then  left  for 
48  hours.  In  either  case  there  is  formed  the  tribasic  acetate  of 
lead.  The  mass  is  dissolved  in  10  times  its  weight  of  water,  and, 
then,  for  every  112  lbs.  of  litharge  in  the  mass  84  lbs.  of  solid 
bicarbonate  of  soda  is  added  ;  this  precipitates  the  white  lead, 
which  is  finished  in  the  usual  way.  A  modified  process  was 
described  in  a  later  patent.  One  part  of  acetic  acid  of  specific 
gravity  1*045  is  mixed  with  12^  times  its  weight  of  water,  and 
the  dilute  acid  so  obtained  allowed  to  act  upon  granulated  lead 
until  a  solution  of  specific  gravity  r040  is  obtained;  this  is 
mixed  with  water,  and,  then,  for  every  60  lbs.  of  acid  used  in 
preparing  the  solution,  30  lbs.  of  solid  bicarbonate  of  soda  are 
added,  and  the  white  lead  is  precipitated. 

The  white  lead  prepared  by  this  process  has  been  favourably 
spoken  of ;  it  has  a  good  colour  and  covering  power.  In  chemical 
composition  it  resembles  white  lead,  but  the  process  appears  to 
be  somewhat  variable  in  its  results,  and,  therefore,  not  com- 
mercially practicable. 

9.  Brown's  Process. — Mr.  Arthur  G.  Brown  has  devised  an 
electric  process  for  the  production  of  white  lead,  which  has  been 
worked  on  a  large  scale  in  Cambridge,  Mass.,  U.S.A.  A  solu- 
tion of  nitrate  of  soda  of  10°  B.,  containing  about  1  lb.  of  the 
salt  to  the  gallon,  is  placed  in  an  electrolytic  cell  with  a  porous 
T)artition ;  in  each  of  the  compartments  an  electrode  is  fixed ; 
the  positive  one  is  formed  of  lead,  the  negative  one  of  copper. 
On  passing  an  electric  current  of  suitable  strength  through  the 
solution,  nitric  acid  collects  about  the  positive  electrode  and 
caustic  soda  about  the  negative  electrode.  The  nitric  acid, 
however,  attacks  the  lead  and  forms  nitrate  of  lead.  The 
reactions  which  take  place  may  be  represented  by  the  following 
equations  : — 

1.  NaNOg    +    H2O    =    HlSrOs    +  NaOH 

2.  2HNO3  +    Pb       =    Pb2N03    +  Hg 

The  liquors  in  the  two  compartments  are  drawn  off;  when 
mixed  together  they  yield  a  precipitate  of  lead  hydroxide  and  a 
solution  of  sodium  nitrate,  according  to  the  equation  : — 


3.  Pb2N03    +    2NaOH    =    Pb      O2    +  2NaN03 
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The  solution  of  sodium  nitrate  is  used  for  a  fresh  electrolytic 
operation. 

The  next  step  consists  in  treating  the  lead  hydroxide  with  a 
solution  of  bicarbonate  of  soda,  when  white  lead  is  formed, 
according  to  the  equation  : — 

4.  SPbHgOa    +    2HNaC03    =  2NaOH 
+    2Pb008  .  PbHgOs    +  2H2O 

The  process  can  be  worked  in  a  continuous  manner. 

The  product  is  described  as  being  of  a  highly  amorphous 
character,  in  which  respect  it  is  superior  to  white  lead  made  by 
the  Dutch  process ;  it  is  stated  to  have  from  20  to  25  per  cent, 
more  covering  power  than  the  best  Dutch  lead. 

There  are  46  white-lead  works  in  Great  Britain,  42  use  the 
Dutch  method,  3  prepare  the  pigment  by  chamber  methods,  and 
1  by  precipitation. 


5th  GROUP.    MISCELLANEOUS  PROCESSES. 

Besides  the  processes  described  above,  others  have  been 
proposed  or  patented  from  time  to  time  which  are  perhaps 
just  worth  mentioning,  as  showing  what  has  been  done  by 
inventors  towards  the  preparation  of  white  lead  by  other 
means  than  the  old  Dutch  process.  Some  of  these  processes 
do  not  come  within  the  groups  of  processes  described  above, 
others  fall  into  one  or  other  of  them  ;  but  as  they  are  only  of 
small  importance,  and  as,  in  some  cases,  it  is  doubtful  whether 
they  were  ever  worked  on  a  large  scale,  they  have  been  relegated 
to  this  division  of  white-lead  processes  for  description.  The  pro- 
cesses are  rather  numerous,  and  will  only  be  given  in  outline ; 
for  further  details  the  reader  is  referred  to  the  records  of  the 
Patent  Office. 

Torassa  proposed  a  curious  process,  which  is  of  interest  on 
account  of  its  novelty  only,  not  from  any  practical  value  it 
may  possess.  Lead  is  granulated,  and  then  placed,  with  a 
small  quantity  of  water,  in  a  revolving  box,  or  a  box  fitted  with 
agitators  ;  in  this  it  is  worked  until  it  forms  a  very  fine  mud, 
which  is  again  agitated  wath  air  until  it  has  been  converted  into 
white  lead.  The  process  must  have  been  a  slow  one,  as  the 
amount  of  carbonic  acid  in  the  air  is  small,  and  can  only  convert 
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in  a  given  time  but  a  small  quantity  of  fine  lead  into  carbonate. 
Wood,  a  more  recent  inventor  than  Torassa,  proposed  to  use 
the  same  process,  but  to  hasten  the  preparation  of  the  white 
lead  by  agitating  the  fine  lead  mud  with  carbonic  acid  ;  but 
even  this  was  not  sutiicient  to  make  the  process  a  practical 
success. 

Mullins  proposed  to  make  white  lead  by  an  ingenious  but, 
from  a  practical  point  of  view,  unsuccessful  method.  Sponges, 
saturated  with  a  solution  of  basic  acetate  of  lead,  were  suspended 
by  porous  strings  in  a  chamber  into  which  carbonic  acid  was 
passed  ;  this,  of  course,  transformed  the  basic  acetate  into  basic 
carbonate  of  lead.  The  sponges  were  kept  saturated  with  a 
solution  of  acetate  by  connecting  the  porous  strings  with  a 
tank  containing  the  solution,  which,  by  capillary  attraction, 
passed  along  the  strings  to  the  sponges.  The  process  was  not 
used  on  a  large  scale. 

Martin  prepares  carbonate  of  lead  so  that  it  shall  contain  a 
slight  excess  of  carbonic  acid.  Hydroxide  of  lead  is  prepared 
by  thoroughly  agitating  granulated  lead  with  air  and  water. 
The  two  bodies  are  mixed  together  in  the  proportion  of  8  lbs. 
of  hydroxide  to  one  ton  of  carbonate,  the  mixture  being  made 
by  grinding  with  water  into  a  paste. 

Lewis  prepares  what  he  calls  white  lead  from  lead  or  lead 
ores,  by  mixing  these  with  anthracite  coal,  and  heating  the 
mixture  in  a  Wetherill  zinc  furnace  with  a  powerful  blast  of 
air ;  the  white  lead  sublimes,  and  is  collected  (see  p.  51). 
Although  the  product  is  spoken  of  as  white  lead,  it  is  probably 
the  sulphate  of  lead. 

Button  and  Dyar  treat  the  basic  nitrate  of  lead  with  carbonic 
acid  gas. 

Brown  and  Young  take  the  lead  nitrate,  and  pass  a  current  of 
carbonic  acid  until  the  liquor  becomes  saturated  with  the  gas, 
when  caustic  soda  is  added  in  slight  excess  ;  white  lead  is  pre- 
cipitated ;  it  is  allowed  to  settle,  and,  after  pouring  off  the 
supernatant  liquor,  is  digested  with  lime  water,  and  then 
washed  and  dried. 

Maxwell-Lyte  proposes  to  use  spongy  lead  in  the  ordinary 
chamber  process,  with  the  view  of  facilitating  the  action  of  the 
gases  on  the  lead,  and  so  making  the  process  more  rapid. 

Woolrich  used  a  process  not  unlike  that  of  Torassa ;  he  provides 
a  revolving  box,  into  which  he  places  granulated  lead ;  by  the 
attrition,  which  occurs  during  the  revolution  of  the  box,  the 
lead  is  gradually  converted  into  a  fine  powder ;  a  solution  of 
basic  acetate  of  lead  is  also  placed  in  the  box,  and  this,  to 
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some  extent,  by  chemical  action  facilitates  the  operation. 
Every  twelve  hours  tlie  action  is  stopped,  and  the  lead  mud 
formed  is  washed  out  by  means  of  a  current  of  basic  lead 
acetate  liquor,  through  which  is  afterwards  passed  carbonic  acid 
gas  to  transform  the  lead  into  white  lead. 

Ozouf  uses  a  solution  of  the  tribasic  acetate  of  lead,  places 
this  in  a  closed  vessel  fitted  with  agitators,  and  then  sends  in  a 
current  of  carbonic  acid  gas  to  precipitate  the  white  lead. 

Cookson  has  a  process  not  unlike  that  of  Cory ;  he  constructs 
large  chambers,  into  which  he  throws  a  solution  of  basic  acetate 
of  lead  in  the  form  of  a  spray  ;  the  spraying  being  done  by 
means  of  a  jet  of  carbonic  acid  gas. 

Other  methods  have  been  proposed,  but  they  are  all  modifi- 
cations of  those  which  have  already  been  described. 

COMPOSITION  AND  PROPERTIES  OF  WHITE  LEAD. 

"White  lead  is  sold  commercially  in  two  forms.  One  is  a 
heavy  white  powder,  having  a  specific  gravity  of  about  6*47, 
and  weighing  about  180  lbs.  to  the  cubic  foot;  it  is  stated  that 
some  processes  yield  white  lead  weighing  as  much  as  200  lbs. 
to  the  cubic  foot.  The  other  form  is  that  of  a  paste  containing 
about  8  per  cent,  of  linseed  oil. 

The  chemical  composition  of  white  lead  has  already  (p.  18) 
been  pointed  out.  It  is  a  basic  carbonate  of  lead  formed  by 
the  union  of  two  molecules  of  lead  carbonate,  Pb  C  O3,  with  one 
molecule  of  lead  hydroxide,  Pb  Og  j  this  is  the  composi- 
tion of  the  best  make  of  Dutch  white  lead,  which  has  all 
the  good  properties  of  white  lead  in  the  highest  degree  of 
perfection. 

It  is  scarcely  necessary  to  point  out  that  as  white  lead  is 
made  by  many  processes  it  must  necessarily  vary  in  composition ; 
indeed  the  white  leads  yielded  by  the  same  process  do  not 
always  have  the  same  composition,  as  is  evinced  by  the 
analyses  given  here  and  on  p.  20;  these  have  been  collected 
from  a  variety  of  sources. 

ANALYSES  OF  WHITE  LEADS. 

1.       2.       3.       4.       5.       6.  7. 

Lead  monoxide,  Pb  0,    .  86-35  85  93  83*77  85-93    84*42  86*5  86*24 

Carbonic  acid,  C  O2,       .10*44   11*89  15  06  11*89    14*45  11*3  11*68 

Water,  H2O,  .       .       .    2  95     2*01     1*01  2*01      1*36      2*2  1*61 

99*74  99*83  99*84  99*83  100*23  100*0  99*53 
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from  which  the  composition  of  the  white  leads  can  be  calculated 
to  be — 

Lead  carbonate,  Pb  0  O3,  63-35  72-15  91-21  71*93  87 '42  68-36  70-87 
Lead  hydroxide,  PbHsOs,  36-14  27*68  8-21  27*88  12-33  31*64  28*66 
Moisture,        .       .       .    0*25     ...       0*42    0*02  0*48   

No.  1.  English  make.    Made  by  the  Dutch  process;  of  very  good  quality. 

No.  2.  English  make.    Made  by  the  Dutch  process  ;  of  good  quality. 

No.  3.  Krems  white.  Made  by  precipitation  with  carbonic  acid  gas ; 
this  sample  is  deficient  in  body  although  of  good  colour. 

No.  4.  German  make.  Precipitated  by  sodium  carbonate  ;  it  is  only  of 
medium  quality. 

No.  5.  German  make.  Precipitated  by  carbonic  acid  gas ;  of  good  colour, 
but  deficient  in  body. 

No.  6.  German  make.    Made  by  the  Dutch  process  ;  a  good  white. 

No.  7.  German  make.  Made  by  precipitation  with  carbonic  acid  gas ; 
quality  fair. 

The  second  form  in  which  lead  is  sold  is  that  of  a  paste  with 
linseed  oil.  To  make  this,  the  dry  white  lead,  above  described, 
is  first  mixed  in  a  mixing  mill,  with  about  8  to  9  per  cent,  of  its 
weight  of  raw  linseed  oil ;  then  it  is  run  through  a  grinding  mill 
several  times,  to  ensure  a  thorough  mixture  of  the  oil  and  white 
lead.  This  form  is  much  favoured  by  painters,  as  it  is  more 
readily  miscible  with  oil  and  turps  to  make  into  paint. 

The  following  are  two  analyses  of  ground  white  lead  : — 

Lead  hydroxide,  PbH2  02,     .       .  65  96  71*14  percent. 

Lead  carbonate,  Pb  C  O3,       .       .  25*19  20*45 

Insoluble,   0*70  ...  ,, 

Oil,   8*34  8*34 

In  making  this  ground  white  lead  only  the  best  raw  linseed  oil 
should  be  used ;  boiled  oil  is  not  admissible,  as  there  would  be 
too  much  tendency  for  the  lead  to  become  a  hard  dry  mass 
before  it  could  be  used.  It  is  customary  to  keep  ground  white 
lead  under  water  to  prevent  it  drying  up  too  rapidly.  Besides 
its  use  by  painters,  this  form  of  white  lead  is  also  largely  used 
for  other  purposes,  as  a  cement  for  gas-piping,  &c. 

White  lead  is  soluble  in  dilute  nitric  acid,  and  in  acetic  acid 
with  eflfervescence,  due  to  the  evolution  of  carbonic  acid  gas. 
It  is  also  soluble  in  boiling  dilute  hydrochloric  acid  with  eflfer- 
vescence ;  on  cooling  the  solution  fine  transparent  needle-shaped 
crystals  of  lead  chloride  separate  out.  Boiling  with  sulphuric  acid 
decomposes  the  white  lead,  insoluble  lead  sulphate  being  formed. 

Solutions  of  white  lead  in  acids  give  white  precipitates  of  lead 
sulphate  with  sulphuric  acid;  of  lead  chloride  with  hydrochloric 
acid,  soluble  on  boiling  in  water;  and  of  lead  carbonate  with 
sodium  carbonate. 
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Neutral  solutions  of  white  lead  give  a  yellow  precipitate  of 
lead  chromate  with  potassium  bichromate,  and  a  black  precipitate 
of  lead  sulphide  with  sulphuretted  hydrogen  and  solutions  of 
sulphides. 

As  a  pigment  white  lead  possesses  all  the  good  qualities 
desired  by  a  painter — viz.,  good  colour,  body  or  covering  power, 
and  permanency.  It  is  distinguished  from  all  other  pigments  by 
the  ease  with  which  it  mixes  with  oil  and  by  forming  a  paint 
which  readily  flows  from  the  brush,  whereas  most  pigments,  as 
for  instance,  barytes,  tend  to  work  what  the  painter  calls  slimy 
or  livery,  and  streaky ;  white  lead  does  not  exhibit  this  property, 
but  flows  freely  and  evenly  from  the  brush.  This  feature  is 
generally  ascribed  to  the  lead  hydroxide  in  the  white  lead  com- 
bining with  some  of  the  oil  and  forming  a  lead  soap  which, 
dissolving  in  the  rest  of  the  oil  used  in  the  preparation  of  the 
paint,  forms  a  kind  of  varnish ;  this  varnish  takes  up  the  lead 
carbonate  to  which  is  due  the  body  or  covering  power  of  the 
pigment.  Sometimes  this  chemical  combination  between  the 
lead  hydroxide  and  the  oil  extends  to  the  lead  carbonate  and 
then  the  white  lead  loses  its  opacity  and  becomes  more  or  less 
transparent  or  horny ;  the  conditions  most  favourable  to  the 
production  of  this  change,  which  is  of  rare  occurrence,  are  not 
properly  known.  This  fact  of  the  white  lead  forming  a  chemical 
combination  with  the  oil  is  well  known  to  colour  makers,  who 
have  endeavoured,  by  the  addition  of  basic  bodies,  to  bring  about 
a  similar  action  in  the  case  of  other  white  pigments,  such  as  zino 
white  and  barytes,  but  so  far  without  any  great  success. 

Mr.  J.  B.  Hannay  {Proc.  Ghem.  Soc,  No.  124,  p.  122  ;  and 
Chem.  JVews,  vol.  Ixvii.,  p.  268)  has  described  the  results  of  some 
experiments  which  tend  to  throw  some  doubt  on  the  saponifica* 
tion  supposed  to  occur  between  linseed  oil  and  white  lead  as 
described  above.  He  states  that  the  whole  of  the  oil  can  be 
extracted  from  white  lead  by  means  of  ether  if  sufficient  (100  cc. 
for  each  gramme  of  ground  white  lead)  be  used.  Harland,  how- 
ever, states  that  ether  does  not  extract  the  whole  of  the  oil  from 
ground  white  lead,  and  that  the  residual  oil  is  probably,  if  not 
certainly,  present  as  lead  linoleate.  The  question  is  a  most 
difficult  one  to  settle.  It  does  not  seem  reasonable  from  a 
chemical  point  of  view  that  dry  white  lead  and  linseed  oil 
should  react  with  one  another  to  form  a  soap,  still,  if  the  white 
lead  retains  a  small  amount  of  moisture  if  time  is  allowed,  it  is 
quite  possible  that  saponification  may  take  place. 

When  exposed  to  light  and  air  white  lead  is  fairly  permanent 
and  will  resist  exposure  to  normal  conditions  for  a  great  length 
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of  time ;  on  the  other  hand,  when  exposed  to  the  fumes  of 
sulphuretted  hydrogen  and  other  sulphureous  gases,  white  lead 
turns  brown  or  black  through  the  formation  of  the  black  sulphide 
or  lead.  The  production  of  this  body  is  more  likely  to  occur  in 
large  towns,  such  as  London  and  Manchester,  where  large 
quantities  of  gas  are  used  for  lighting  and  other  purposes,  which 
usually  contains  some  sulphuretted  hydrogen  or  other  sulphur 
compounds.  By  oxidation  this  black  sulphide  can  be  transformed 
into  the  white  sulphate  of  lead ;  the  only  agent  which  can  be 
safely  used  for  this  purpose  in  restoring  paintings  which  have 
become  discoloured  is  peroxide  of  hydrogen,  but  the  action  of 
this  body  is  very  slow  and  is  impeded  by  the  oil  present. 

White  lead  can  be  mixed  with  all  pigments  except  those  which, 
like  cadmium  yellow,  ultramarine  or  king^s  yellow,  contain 
sulphur ;  such  pigments  sooner  or  later  cause  the  formation  of 
the  black  sulphide  and  thus  bring  about  the  discolouration  of 
the  pigment  or  paint. 

White  lead  is  frequently  adulterated,  the  pigment  most  used 
for  this  purpose  being  barytes,  because  it  more  nearly  approaches 
white  lead  in  specific  gravity,  and  is,  on  that  account,  not  so 
readily  detected ;  whereas  the  use  of  whiting  or  gypsum  would 
soon  be  detected  on  account  of  the  low  specific  gravity  of  the 
adulterated  product. 

This  adulteration  of  white  lead  is  exceedingly  common  and  is 
well  understood  by  makers  and  dealers ;  in  fact  it  is  the  custom 
for  makers  to  send  out  several  qualities  of  commercial  white  lead 
distinguished  as  "genuine,"  "No.  1,"  "No.  2,''  and  so  on;  the 
degree  of  adulteration  being  regulated  by  the  price  which  is  paid 
for  the  product.  The  question  whether  this  is  adulteration  is  a 
matter  of  opinion;  if  by  adulteration  one  means  the  admixture 
of  cheap  products  with  dear  products  with  a  view  of  deceiving 
purchasers  of  the  latter,  then  the  admixture  of  barytes  with 
white  lead  under  the  conditions  named  is  not  adulteration,  for 
the  purchaser  knows  what  he  is  buying,  and  only  pays  a  fair  price 
for  such  mixed  white  leads. 

The  Bischof  Process  for  the  preparation  of  white  lead 
(English  patents  Nos.  11,602,  1890;  and  13,202,  1898)  subjects 
litharge  at  a  temperature  of  250°  to  300°  C.  to  the  action  of  a 
current  of  some  reducing  gas,  by  which  a  suboxide  of  lead, 
Pbg  O,  is  formed,  having  a  fairly  uniform  composition.  When 
mixed  with  water  this  is  converted  into  the  hydroxide  of  lead. 
Next,  £00  lbs  of  this  hydroxide  of  lead  are  mixed  with  250 
gallons  of  water,  14  lbs.  of  acetic  acid,  and  45  lbs.  of  sugar,  and 
a  current  of  carbonic  acid  passed  through  the  mixture,  when 
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white  lead  is  precipitated,  which  can  be  collected  and  finished 
in  the  usual  way. 

Various  so-called  electric  processes  make  use  of  electricity  for 
the  production  of  white  lead,  such  as  Browne's,  described  on 
p.  38,  and  the  following,  which  are  for  the  most  part  more 
interesting  scientifically  than  technically  : — 

De  Ferranti  and  Noad. — Lead  acetate  is  prepared  by  passing 
a  current  of  electricity  through  a  solution  of  sodium  or  am- 
monium acetate,  using  a  lead  anode.  To  the  solution  ammonium 
carbonate  is  added,  which  precipitates  the  lead  as  white  lead, 
regenerating  ammonium  acetate,  to  be  used  again  in  the 
process. 

Luekow. — A  feebly  alkaline  solution  of  about  1^  per  cent, 
strength  of  a  mixture  of  80  parts  of  sodium  chlorate  and  20  parts 
of  sodium  carbonate  is  electrolysed,  using  an  anode  of  soft  lead 
and  a  cathode  of  hard  lead.  The  lead  dissolved  is  afterwards 
precipitated  with  carbonic  acid. 

Bottom. — An  alkaline  solution  of  sodium  or  ammonium 
nitrate  is  electrolysed,  using  a  lead  anode ;  at  the  same  time 
carbonic  acid  is  passed  in,  the  lead  is  dissolved  from  the  anode 
and  precipitated  by  the  carbonic  acid  as  white  lead. 

In  all  these  cases  the  white  lead  is  not  prepared  as  a  direct 
efiect  of  the  electric  current,  but  there  is  formed  a  solution  of 
lead  from  which  the  white  lead  is  subsequently  precipitated  by 
means  of  carbonic  acid  or  alkaline  carbonates.  They  are,  there- 
fore, subject  to  the  defects  of  the  precipitation  processes  already 
described. 
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ASSAY  AND  ANALYSIS  OF  WHITE  LEAD.^ 

White  lead  may  be  assayed  for  colour  and  covering  power  by 
the  usual  methods  (see  Chapter  X.). 

Dry  White  Lead. — The  purity  of  this  pigment  is  ascertained 
by  dissolving  some  of  the  lead  in  pure  dilute  nitric  acid  (1  acid, 
2  water) ;  strong  nitric  acid  does  not  dissolve  white  lead  owing 
to  the  insolubility  of  the  lead  nitrate  which  is  formed  in  the 
acid  ;  the  ordinary  commercial  nitric  acid  contains  sulphuric 
acid,  which  would  lead  to  the  formation  of  the  insoluble 
sulphate  of  lead,  the  production  of  which  might  lead  to  the 
condemnation  of  a  pure  sample. 

On  adding  dilute  sulphuric  acid  to  the  solution,  after  diluting 
it  with  water  and  filtering  off  the  precipitate  of  lead  sulphate 
thus  obtained,  no  further  precipitate  should  be  obtained  on  suc- 
cessively adding  ammonia,  ammonium  sulphide,  and  ammonium 
oxalate  to  the  filtrate. 

A  white  precipitate  with  ammonium  sulphide  would  indicate 
the  presence  of  zinc  white,  which  is  a  rare  thing  to  find  with 
white  lead  ;  a  white  precipitate  with  ammonium  oxalate  would 
indicate  the  presence  of  whiting. 

The  insoluble  residue,  if  any,  will  consist  most  probably  of 
barytes,  as  other  adulterants  (for  reasons  already  pointed  out) 
are  rarely  used ;  still  any  lead  sulphate,  china  clay,  gypsum,  or 
strontium  sulphate  which  may  be  used  would  also  be  left  as  an 
insoluble  residue  on  treating  white  lead  with  dilute  nitric  acid. 
To  distinguish  these  bodies,  boil  the  residue  in  hydrochloric  acid 
and  place  the  solution  on  one  side  to  cool ;  if  crystals  of  lead 
chloride  separate  out  and  the  solution  gives  a  white  precipitate 
with  barium  chloride,  then  lead  sulphate  is  present. 

The  hydrochloric  acid  solution  should  be  diluted  with  water 
and  sulphuretted  hydrogen  passed  through  it ;  the  black  pre- 
cipitate of  lead  sulphide  which  may  be  obtained  can  be  dis- 
regarded;  this  is  filtered  off  and  the  filtrate  boiled  for  some 
time  to  concentrate  it  and  to  drive  off  the  sulphuretted  hydrogen 
it  contains.  Then  ammonia  is  added,  when  a  white  precipitate 
of  alumina  may  be  obtained  indicating  the  presence  of  china 
clay  ]  this  is  filtered  off,  and  to  the  filtrate  is  added  ammonium 
carbonate,  which  will  precipitate  any  calcium  that  may  have 
been  added,  in  the  form  of  gypsum  or  whiting. 

A  little  of  the  insoluble  residue  from  the  hydrochloric  acid 

*  By  the  term  Assay  as  applied  to  pigments  is  understood  their  examina- 
tion for  all  those  properties  of  colour,  covering  power,  &c.,  which  give  them 
value  as  pigments.  These  properties  may  be,  and  indeed  often  are,  inde- 
pendent of  the  chemical  composition  of  the  pigments,  as  in  the  case  of  the 
ochres,  umbers.  Analysis  is  used  in  the  ordinary  sense  of  the  term  as 
applied  in  Chemistry. 
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should  be  held  on  a  piece  of  platinum  wire  in  the  lower  part  of 
a  Bunsen  flame  when,  if  it  contains  barytes,  the  flame  will  be 
coloured  green;  if  strontium  sulphate  is  present  a  crimson  flame 
will  be  obtained.  This  test  is  not  always  easy  to  carry  out,  but 
with  a  little  care  the  coloured  flames  can  be  obtained,  and  they 
are  good  proof  of  the  presence  of  the  pigments  named.  A  quanti- 
tative analysis  of  white  lead  may  be  made  as  follows  : — 

Weigh  out  2  grammes  and  dissolve  them  in  a  beaker  with  the 
smallest  possible  quantity  of  pure  dilute  nitric  acid,  remove  the 
insoluble  matter  by  filtering,  wash  the  residue  well  with  warm 
water,  adding  the  first  wash  waters  to  the  filtrate,  then  dry  the 
residue,  place  the  filter  paper  and  its  contents  in  a  weighed 
crucible  and  burn  the  paper ;  when  completely  burnt  allow  the 
crucible  to  cool  in  a  desiccator  and  then  weigh  it.  From  the 
weight  so  obtained  deduct  the  weight  of  the  crucible  and  of  the 
filter-paper  ash,  the  difference  is  the  weight  of  the  insoluble 
residue. 

To  the  filtrate  add  dilute  sulphuric  acid  and  a  little  alcohol, 
filter  off"  the  precipitate  of  lead  sulphate  which  is  obtained,  wash 
it  dry  and  burn  it  in  a  crucible  as  before.  By  multiplying  the 
weight  of  the  lead  sulphate  so  obtained  by  0-73554  the  weight  of 
lead  oxide  in  the  white  lead  can  be  found. 

The  carbonic  acid  can  be  ascertained  by  treating  2  grammes  of 
the  white  lead  with  nitric  acid  in  a  Schrotter's  or  other  form  of 
apparatus  for  the  estimation  of  carbonic  acid. 

The  water  may  be  determined  by  taking  the  difference  between 
the  amounts  of  lead  oxide  and  carbonic  acid  thus  found  and  100. 

Hygroscopic  water  can  be  ascertained  by  heating  2  grammes  in 
an  oven  at  110°  to  120°  C.  until  no  further  loss  of  weight  occurs. 

If  the  white  lead  be  adulterated  with  harytes,  lead  sulphate, 
china  clay  or  some  of  the  other  insoluble  white  pigments,  these 
will  be  left  behind  as  an  insoluble  residue  on  treatment  with 
nitric  acid  ;  their  amount  is  ascertained  by  filtering  off*,  washing, 
drying,  and  burning  the  residue  in  a  weighed  crucible  in  the 
usual  way.  Soluble  adulterants  like  whiting,  strontium  carbonate, 
barium  carbonate,  and  magnesite  will  be  dissolved  ;  if  the  presence 
of  these  is  suspected,  to  the  filtrate  should  be  added  more  dilute 
sulphuric  acid,  which  will  precipitate  the  lead  and  barium ;  this 
precipitate  can  be  filtered  off*,  the  two  can  be  separated  by  boil- 
ing with  hydrochloric  acid,  which  dissolves  the  lead  sulphate 
but  not  the  barium  sulphate.  To  the  filtrate  ammonia  and 
ammonium  oxalate  are  added ;  this  precipitates  the  calcium  and 
the  strontium,  while  the  magnesite  (if  present)  will  remain  in 
solution,  and  can  be  precipitated  by  sodium  phosphate.  It  is  not 
necessary  to  describe  in  detail  the  methods  of  separating  these 
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adulterants  any  further ;  some  notes  bearing  on  this  point  will 
be  found  in  the  descriptions  of  each  individual  pigment,  while 
reference  should  be  made  to  works  on  quantitative  chemical 
analysis,  such  as  that  of  Prof.  Sexton,  for  fuller  details. 

By  multiplying  the  weight  of  the  carbonic  acid  by  5*05  the 
amount  of  lead  oxide  with  which  it  is  combined  can  be  calculated; 
the  two  amounts  added  together  give  the  quantity  of  lead  carbon- 
ate in  the  white  lead.  Deducting  the  amount  of  lead  oxide 
combined  with  the  carbonic  oxide  from  the  total  present,  and 
multiplying  this  difference  by  0*077,  gives  the  amount  of  water 
combined  with  it  to  form  lead  hydroxide,  and  the  two  amounts 
added  together  gives  the  amount  of  the  latter  body  present. 

Paste  White  Lead  can  be  quantitatively  examined  as 
follows  : — Two  grammes  are  treated  with  strong  nitric  acid  at  a 
gentle  heat ;  this  converts  all  the  oil  into  an  insoluble  greasy 
matter,  of  which  no  account  need  be  taken ;  the  process  then 
becomes  identical  with  that  for  dry  white  lead.  Should  it  be 
desired  to  ascertain  the  amount  of  the  oil,  then  10  grammes 
must  be  weighed  into  a  filter  paper  and  placed  in  a  Soxblet  or 
other  form  of  fat-extractor  and  the  oil  extracted  by  means  of 
petroleum  ether ;  the  ethereal  solution  is  then  run  into  a  weighed 
glass,  the  ether  evaporated  off  and  the  oil  weighed.  If  a  fat- 
extractor  is  not  available  it  will  suffice  to  agitate  the  white  lead 
with  some  petroleum  ether  in  a  beaker,  allowing  the  pigment 
to  settle,  pouring  off  the  liquid  into  a  weighed  glass,  again 
pouring  on  more  ether,  and  again  allowing  the  white  lead 
to  settle ;  the  ether  is  poured  off  into  the  glass,  or  the  mass  may 
be  filtered.    Finally,  the  ether  is  evaporated  off  as  before. 

It  is  sometimes  recommended  to  burn  off  the  oil  from  the 
white  lead  in  a  crucible,  but  this  course  is  not  so  satisfactory  as 
treating  it  with  petroleum  ether,  as  not  only  is  the  oil  burnt  off, 
but  the  white  lead  is  decomposed  ;  whereas  in  the  ether  method 
the  lead  is  left  in  its  original  form  for  further  examination  if 
necessary. 

SULPHATE  OP  LEAD  PIGMENTS. 

Sulphate  of  lead,  Pb  S  O^,  forms  the  basis  of  a  number  of  white 
pigments  which  are  made  on  a  large  scale  and  sold  under  a 
variety  of  names,  such  as  Patent  White  Lead,  Non-poisonous 
White  Lead,  Sublimed  White  Lead,  &c.  These  do  not  consist 
entirely  of  lead  sulphate  but  contain  other  bodies,  such  as  zinc 
oxide,  barytes,  magnesia,  &c.,  in  varying  quantities  ;  they  are 
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made  by  different  methods,  and  most  of  those  now  sold  are  pro- 
duced by  patented  processes. 

Lead  sulphate  can  be  made  by  dissolving  lead  in  strong  sul- 
phuric acid,  the  action  is,  however,  but  slight  and  does  not  form 
a  commercial  method  of  manufacture.  It  is  mostly  made  by 
adding  sulphuric  acid  to  solutions  of  either  lead  acetate  or  lead 
nitrate  ;  perhaps  the  best  method  is  that  where  lead  acetate  is 
used. 

Metallic  lead  is  granulated  by  melting  and  pouring  the  molten 
lead  into  cold  water  ;  the  object  of  granulating  is  to  obtain  the 
metal  in  such  a  form  as  to  expose  a  large  surface  to  the  action  of 
acids  and  air.  The  granulated  lead  is  placed  in  a  large  tub  fitted 
with  a  closed  steam  coil  so  that  the  action  of  the  acid  may  be 
facilitated  by  heat,  if  necessary.  Acetic  acid  diluted  with  its 
own  volume  of  water  is  poured  on  to  the  lead  ;  the  action  of  the 
acid  is  at  first  rather  sluggish,  but  by  allowing  the  action  to  go 
on  for  about  12  hours,  then  running  off"  the  acid  and  leaving  the 
lead  in  the  tub  without  any  liquor,  a  certain  amount  of  oxidation 
goes  on,  resulting  in  the  formation  of  a  deposit  of  oxide  on  the 
lead,  so  that  when  the  acid  is  again  admitted  to  the  lead,  the  acid 
acts  more  rapidly,  and  a  strong  solution  of  lead  acetate  is  soon 
obtained  ;  this  action  is  facilitated  by  a  gentle  heating  of  the 
contents  of  the  tub.  From  the  tub  the  solution  is  run  into  a 
large  wooden  vessel  and  to  it  is  added  strong  sulphuric  acid  in 
small  quantities  at  a  time  with  constant  stirring  ;  lead  sulphate 
is  thereby  precipitated.  Care  is  taken  that  the  amount  of  sul- 
phuric acid  used  is  not  sufficient  to  throw  down  all  the  lead,  but 
that  some  of  the  latter  is  left  in  solution.  The  lead  sulphate  is 
allowed  to  settle,  and  then  the  clear  supernatant  liquor  is  pumped 
back  again  into  the  lead  tub,  for  it  contains  all  the  acetic  acid  ; 
for,  as  will  be  seen  from  the  equation — 

Pb2C2H302    +    H2SO4    =    PbS04    +  2HC2H3O2 

Lead  acetate.         Sulphuric  acid.    Lead  sulphate.  Acetic  acid. 

acetic  acid  is  reproduced  as  the  result  of  the  reaction  which  goes 
on  between  the  lead  acetate  and  the  sulphuric  acid,  and  this 
acetic  acid  can  be  used  over  again  for  preparing  fresh  solution  of 
lead  for  precipitation  ;  thus  a  comparatively  small  quantity  of 
acetic  acid  may  be  used  to  prepare  a  large  quantity  of  lead  sul- 
phate ;  theoretically  s|)eaking,  beyond  the  first  charge  no  more 
acetic  acid  is  required,  but  practically,  there  is  a  small  loss  which 
requires  to  be  restored  by  new  additions  of  acid  from  time  to  time. 
The  sulphate  of  lead  which  is  precipitated  is  washed  with  water, 
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drained  on  a  filter  and  dried;  after  which  it  is  ready  for  use  as  a 
pigment,  or  can  be  combined  with  other  white  pigments  if  desired. 

The  acetic  acid  used  should  be  as  pure  as  possible  ;  the  usual 
commercial  variety  of  a  strength  of  about  1*050  =  10°  to  12° 
Twaddell  is  sufiiciently  good  for  the  purpose  ;  this  contains  about 
35  per  cent,  of  actual  acetic  acid,  although  some  makes  contain 
more.  100  lbs.  of  it  will  dissolve  about  60  lbs.  of  lead  supposing 
all  the  acetic  acid  exerts  its  solvent  power,  but  in  practice  this 
never  or  but  rarely  happens,  nor  indeed  is  it  necessary  that  it 
should.  From  20  to  28  lbs.  of  sulphuric  acid  will  be  required  to 
precipitate  the  lead  dissolved  by  this  quantity  of  acetic  acid. 
These  figures  are  only  approximate  and  are  given  simply  as 
guides  to  actual  practice. 

Lead  sulphate  has  the  formula  Pb  S  O^,  and  contains 

Lead  oxide,  PbO,      .       .       .       73*55  per  cent. 
Sulphuric  anhydride,  S  O3,       .       26*45  ,, 

and  of  metallic  lead  68*31  per  cent. 

It  is  a  white,  somewhat  crystalline,  and  very  heavy  powder, 
its  specific  gravity  being  about  6*3.  It  is  only  slightly  soluble 
in  water,  insoluble  in  dilute  acids  and  in  alcohol,  but  soluble  in 
solutions  of  ammoniacal  salts,  and  in  strong  sulphuric  acid  ;  from 
the  latter  solution  it  is  precipitated  on  the  addition  of  water. 
Boiling  concentrated  hydrochloric  acid  dissolves  it,  and  crystals 
of  lead  chloride  fall  down  as  the  solution  cools. 

As  a  pigment  it  is  not  satisfactory,  its  crystalline  character 
reduces  its  body  and  covering  power,  causing  it  often  to  work 
streaky  or  livery  under  the  brush  ;  this  defect  can  be  remedied 
to  some  extent  by  grinding  it.  It  is  not  readily  acted  upon  by 
sulphuretted  hydrogen,  and  is,  therefore,  more  permanent  than 
white  lead  under  exposure  to  air.  Owing  to  its  solubility  being 
less  it  is  free  from  the  poisonous  character  of  white  lead,  and,  there- 
fore, white  pigments  containing  it  are  often  sold  as'* non-poisonous 
white  leads."  Its  colour  or  hue  is  a  good  white,  but  slightly 
yellower  in  tone  than  white  lead  and  about  equal  to  barytes. 

It  is  used  as  a  diluent  in  the  manufacture  of  pale  chromes. 

Many  have  been  the  attempts  to  make  lead  sulphate  the  base 
of  commercial  white  leads,  the  records  of  these  are  to  be  found  in 
the  publications  of  the  Patent  Office,  where  they  lie  buried  in  an 
almost  unknown  condition,  and  it  would  really  be  most  instruc- 
tive for  colour-makers  and  would-be  inventors  if  they  would 
peruse  these  records  and  see  what  has  been  done  in  the  past.  A 
few  of  these  inventions  may  be  briefly  noticed  here,  and  a  fuller 
description  given  of  such  as  are  at  present  used  on  a  large  scale. 
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Hichardsoii,  in  1839,  patented  the  use  of  the  sulphate  only  as  a 
pigment;  in  1853,  Carter  Marriott  prepared  a  chloro-sulphate  of 
lead  made  by  treating  100  lbs.  of  litharge  with  25  lbs.  of  salt,  and 
the  product  so  obtained  with  5  lbs.  of  sulphuric  acid.  Woods,  in 
1866,  took  out  a  patent  for  the  preparation  of  a  white  pigment 
from  lead  fume,  which  is  a  mixture  of  lead,  lead  oxide,  and  lead 
sulphate ;  this  he  treated  with  hydrochloric  acid  thus  forming  a 
chloro-sulphate ;  or  he  calcined  the  fume  in  a  furnace,  whereby 
it  was  converted  into  a  white  mixture  of  lead  oxide  and  lead  sul- 
phate, which  was  then  treated  with  hydrochloric  acid  as  before. 
Groves,  in  1826,  treated  galena  with  potassium  nitrate  and  sul- 
phuric acid,  whereby  the  lead  sulphide  was  converted  into  lead 
sulphate,  which  was  dried  and  sold  as  a  pigment.  In  1866,  Messrs. 
Bell  Fell  patented  the  use  and  preparation  of  what  they  called  a 
sub-sulphate  of  lead,  prepared  by  precipitating  a  solution  of  lead 
nitrate  with  sulphuric  acid  and  then  boiling  with  an  alkali. 

SUBLIMED  WHITE  LEAD. 

This  product  is  the  invention  of  G,  T,  Lewis,  and  was  first 
patented  in  1879.  About  1870  a  vein  of  ore  containing  both 
lead  and  zinc,  being  a  mixture  of  galena  and  blende,  was 
discovered  in  America ;  this  was  smelted  for  lead,  which,  owing 
to  it  being  different  in  properties  from  ordinary  lead,  was  dis- 
tinguished as  "  Bartlett  lead ; "  the  presence  of  zinc  in  lead  ores  is 
very  detrimental,  as  the  zinc  cannot  wholly  be  removed  from  the 
lead,  while  it  imparts  to  it  properties  which,  by  causing  it  to 
become  hard  and  brittle,  prevent  its  application  to  those  uses  for 
which  lead  is  of  great  service.  The  process  of  white-lead  making 
now  to  be  described  was  to  some  extent  devised  to  utilise  this 
lead-zinc  ore. 

The  manufacture  of  sublimed  lead  depends  upon  two  facts, 
which  also  are  the  principles  that  underlie  some  of  the  ordinary 
processes  of  lead  smelting — first,  when  lead  ore  (galena,  lead 
sulphide)  is  heated  in  a  furnace  with  access  of  air  it  undergoes 
oxidation,  partly  to  lead  oxide,  Pb  O,  partly  to  lead  sulphate, 
Pb  S  O4,  the  amount  of  the  oxidation  depending  upon  the  amount 
of  air  which  comes  in  contact  with  the  ore ;  if  this  is  small  then 
the  sulphate  is  mostly  formed.  The  temperature  also  has  some 
influence  on  the  result  ;  in  fact,  it  is  probably  the  chief  factor  in 
the  process.  If  low,  then  the  sulphate  is  chiefly  formed  ;  if  high, 
this  is  likely  to  be  decomposed  into  oxide  and  sulphur  dioxide. 
Secondly,  during  the  operation  of  lead  smelting  a  large  pro- 
portion of  the  lead  is  carried  ofi'  in  the  form  of  '^fume,"  which 
collects  in  large  chambers  or  flues  built  for  the  purpose.  This 
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lead-fume  is  a  mixture  of  metallic  lead,  lead  oxide,  lead  sulphate; 
if  there  be  any  zinc  in  tlie  ore  it  will  be  mostly  found  in  this 
fume.  It  has  frequently  been  noticed  that  the  composition  of 
the  fume  varies  from  time  to  time,  according  to  the  conditions 
under  which  the  furnaces  are  being  worked.  Lewis  proposes  to 
utilise  the  two  principles  laid  down  and,  by  carrying  out  the 
process  in  such  a  manner  that  the  great  bulk  of  the  fume 
produced  consists  of  lead  sulphate,  to  prepare  a  white  pigment 
from  any  lead  ore.  This  is  effected  in  the  Lewis  and  other 
processes  based  on  the  same  principle  by  causing  the  operation 
to  be  carried  out  in  a  blast  furnace. 

The  preparation  of  sublimed  white  lead  takes  place  in  two 
stages ;  the  first  may  be  called  the  fume  stage,  in  which  the  lead 
ore  is  transformed  into  fume  of  more  or  less  complex  com- 
position ;  the  second  stage  may  be  called  the  colouring  stage, 
in  which  the  pigment  is  made  of  a  proper  degree  of  white- 
ness. 

In  the  first  stage  a  furnace  is  used  resembling  the  Wetherill 
zinc  furnace.  Four  of  these  are  placed  back  to  back  and  side 
by  side,  and  is  hence  not  unlike  four  American  lead-smelting 
hearths.  The  furnace  is  worked  from  two  sides,  known  as 
the  fronts;  a  water  back,  containing  tuyeres,  is  also  placed 
between  the  bench  of  furnaces;  above  the  water  back  is  an  air 
chamber  divided  into  two  compartments  by  a  partition,  so 
arranged  that  the  air  which  enters  into  one  of  these  compart- 
ments passes  to  one  front  of  the  bench  of  furnaces,  while  the 
air  in  the  other  passes  to  the  other  front.  This  air  is  heated 
by  passing  through  the  hot  walls  of  the  furnaces,  and  by 
suitable  means  is  sent  as  a  powerful  blast  through  the  tuyeres 
into  the  hearth  of  the  furnace,  and  through  any  ore  which 
may  be  on  the  hearth.  The  ore  is  placed  on  the  hearth  of 
the  furnace  with  the  fuel  necessary  to  effect  its  melting,  and 
air  is  sent  through  it ;  part  of  the  lead  is  reduced  to  the 
metallic  state,  and  is  collected  by  being  allowed  to  flow  out  of 
the  furnace  into  a  suitable  receptacle.  Some  of  the  lead  is 
blown  by  the  blast  of  air  into  fume,  and  is  more  or  less 
oxidised  to  oxide  and  sulphate  during  that  operation;  this  fume 
passes  up  into  the  collecting  hood  which  is  placed  above  the 
hearth,  and  from  thence  into  a  large  chamber,  where  it  collects 
on  the  sides.  These  chambers  are  built  in  two  storeys  of  brick 
and  iron,  the  openings  connecting  the  two  storeys  are  covered 
by  means  of  woollen  bags ;  a  powerful  fan  in  the  second  storey 
draws  the  gases  produced  during  the  process  of  furnacing 
through  the  bags,  but  the  latter  retain  the  lead  fume,  which 
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therefore  collects  in  the  lower  storey  of  the  chamber.  The 
woollen  bags  are  shaken  from  time  to  time  to  dislodge 
the  fume  which  collects  on  them.  At  intervals  the  fume 
in  the  lower  storey  is  set  fire  to,  a  proceeding  which  com- 
pletes the  oxidation  of  the  lead  fume,  and,  at  the  same  time, 
makes  the  fume  more  consolidated,  and,  therefore,  better  for  use 
as  a  pigment.  The  burnt  fume  has  a  lead  colour,  and  requires 
further  treatment  before  it  can  be  used  as  a  white  pigment, 
although  it  is  sold  in  this  state  as  a  lead-grey  colour. 

The  next  operation,  in  which  the  pigment  is  made  white, 
takes  place  in  the  slag-eye  furnace''  as  it  is  called.  This  slag 
furnace  consists  of  a  square  brick  chimney,  fitted  with  a  hearth, 
tuyeres,  and  water  back.  In  this  furnace  the  fume  from  the 
last  operation  is  heated  in  a  powerful  blast  of  hot  air,  which 
causes  most  of  it  to  become  completely  oxidised  to  lead  sulphate, 
which  passes  into  condensing  chambers,  where  it  collects.  These 
chambers  are  constructed  in  exactly  the  same  way  as  those 
described  above.  As  a  rule,  the  pigment  is  ready  for  sale,  but 
occasionally  it  may  have  a  slight  grey  colour ;  to  get  rid  of 
this  it  is  treated  with  sulphuric  acid,  which  causes  it  to  whiten, 
and  sometimes  it  is  ground  in  order  to  render  it  as  fine  as 
possible. 

Sublimed  white  lead  is  a  powder  of  a  fine  white  colour, 
although  sometimes  it  has  a  grey  tint ;  the  white  has  a  rather 
bluish  hue.  It  is  heavy,  its  specific  gravity  being  over  6  ; 
a  cubic  foot  weighs  about  200  lbs.  It  is  quite  insoluble  in 
water,  is  partially  soluble  in  dilute  nitric  acid,  which  dissolves 
out  the  zinc  oxide,  lead  oxide,  or  lead  carbonate  the  pigment 
may  contain ;  as  a  rule,  it  is  completely  soluble  in  boiling 
hydrochloric  acid,  although  some  samples  contain  a  little 
barytes,  which  remains  behind  as  an  insoluble  residue  on  treat- 
ment with  the  acid. 

In  composition  it  is  very  variable.  Much  depends  upon  the 
ore  from  which  it  is  made,  and  whether  anything  has  been  added 
to  it  after  the  pigment  was  made  in  the  furnaces  described  above. 
The  following  analyses  are  partly  from  published  accounts,  and 
partly  from  the  author's  own  results  : — 


I. 


II. 


Lead  sulphate,  Pb  S  O4, 


70 
23 
7 


82-390  per  cent. 


Lead  oxide,  Pb  0, 
Zinc  oxide,  Zn  0, 


Lead  carbonate,  Pb  C  O3, 
Water,  hygroscopic, 
Water,  combined, 


0-554 
6-335 
9-421 

0-  350 

1-  050 
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The  proportion  of  oxide  of  zinc  and  sulphate  of  lead  contained 
in  the  pigment  is,  to  some  extent,  a  measure  of  the  value  of  the 
pigment  for  painting  purposes. 

Sublimed  white  lead  when  well  made  is  a  fairly  satisfactory 
pigment.  It  possesses  good  colouring  power  and  body  or  covering 
power,  although  in  this  respect  it  is  perhaps  not  quite  equal  to 
the  best  white  lead.  It  is  more  permanent  than  white  lead, 
because  sulphureous  gases  and  vapours  have  little  or  no  action 
upon  it ;  it,  therefore,  keeps  its  colour  longer  when  used  in  paint 
and  exposed  to  air.  Being  insoluble  in  water  and  acids  it  is  not 
so  poisonous  as  white  lead. 

It  has  been  noticed  that  occasionally  when  mixed  with  oil  and 
turps,  sublimed  white  lead  has  a  tendency  to  become  gelatinous  ; 
on  what  this  peculiar  property  depends  is  somewhat  uncertain. 

FREEMAN'S  NON-POISONOUS  WHITE  LEAD. 

The  base  of  this  white  lead  is  the  sulphate  made  from  metallic 
lead  by  precipitation,  it  also  contains  zinc  oxide,  barytes,  and,  in 
the  earlier  makes,  a  little  magnesia,  all  the  ingredients  being 
mixed  together  by  a  process  of  grinding  under  edge  runners, 
which  causes  them  to  be  thoroughly  incorporated  together,  and, 
at  the  same  time,  by  consolidating  the  materials,  increases  the 
body  or  covering  power.  The  pigment  was  first  patented  in  1882, 
but  since  then  other  patents  have  been  taken  out  for  improve- 
ments in  its  composition,  which,  in  consequence,  has  varied  a 
little  from  time  to  time.  The  non-poisonous  white  lead  is  a  very 
good  pigment,  is  more  permanent  under  exposure  to  atmospheric 
influences  than  white  lead,  and  is  equal  to  white  lead  in  body  or 
covering  power  and  in  freedom  of  working.  It  is  rather  heavier 
than  white  lead,  weighing  about  180  to  190  lbs.  to  the  cubic 
foot.  Its  specific  gravity  is  »5-95  to  6-00.  It  is  one  of  the  best 
substitutes  for  white  lead  which  have  been  made. 

HANNAY'S  CALEDONIAN  WHITE  LEAD. 

Messrs.  Andrew  French  &  J.  B.  Hannay  in  1884  took  out  a 
patent  for  the  preparation  of  a  ch]oro-su]phite  of  lead  to  be  used 
as  a  substitute  for  white  lead.  This  was  an  extension  of  a 
former  process  of  French's  for  the  production  of  a  sulphite  of 
lead  pigment  (see  p.  59). 

To  prepare  the  chloro-sulphite  of  lead,  lead  ore,  lead  fume,  or 
any  lead  compound  is  mixed  with  coke,  and,  if  the  amount  of 
sulphur  in  the  ore  or  lead  used  is  deficient,  with  some  pyrites,  as 
it  is  necessary  that  a  large  quantity  of  sulphurous  acid  (sulphur 
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dioxide)  gas  should  be  produced.  This  mixture  is  placed  in  a 
kind  of  cupola  furnace  provided  with  an  air  blast.  The  heating 
of  the  furnace  and  the  amount  of  air  blown  through  is  to  be  so 
arranged  that  the  lead  is  oxidised  to  sulphite,  not  to  sulphate  ; 
the  sulphite  is  carried  by  the  blast  into  a  chamber  and  along  flues 
where  it  comes  into  contact  with  hydrochloric  acid  gas,  which,  by 
its  action  on  it,  produces  the  chloro-sulphite.  The  hydrochloric 
acid  gas  is  formed  by  sending  a  solution  of  salt  into  the  flues  in 
the  form  of  a  fine  spray  ;  the  sulphurous  acid  in  the  furnace  gases 
acting  on  the  salt  under  such  conditions  decomposes  it  into 
hydrochloric  acid  and  sulphite  of  sodium.  From  the  flues  the 
pigment  is  carried  into  large  condensing  chambers  where  it  col- 
lects ;  from  time  to  time  the  chambers  are  emptied  of  their  con- 
tents, and  the  pigment  washed  with  water  and  dried,  when  it  is 
ready  for  use. 

In  a  subsequent  patent  Mr.  Hannay  describes  the  production 
of  the  sulphate  of  lead  from  lead-fume,  (fee,  by  heating  in  a  cupola 
furnace  with  a  blast  of  air.  The  fume  which  is  thus  produced  is 
carried  through  a  kind  of  reverberatory  chamber,  where  it  is 
completely  oxidised  to  sulphate;  this  is  carried  forward  by  the 
draught  into  large  chambers  where  it  collects.  If  white  enough 
the  pigment  so  obtained  is  sent  out  for  use;  if  it  has  a  grey 
colour  due  to  the  presence  of  metallic  lead  it  is  bleached  by 
treatment  with  an  acid.  T®  improve  the  quality  of  the  pigment 
it  may  be  mixed  with  zinc  oxide. 

One  difficulty  which  is  met  with  in  all  these  subliming 
processes  is  that  of  collecting  the  lead-fume  or  pigment.  This 
necessitates  the  use  of  large  condensation  chambers  or  long  flues 
to  ensure  the  complete  deposition  of  the  material,  or  otherwise 
there  is  great  risk  of  much  of  the  material  being  carried  forward 
by  the  draught  into  the  chimney  of  the  works  and  so  out  into  the 
atmosphere  where  it  is  lost. 

To  provide  these  large  chambers  or  long  flues  is  not  always 
possible,  both  on  account  of  the  cost  of  construction  and  of  the 
space  they  require.  To  remedy  this,  Mr.  Hannay  has  devised  a 
special  form  of  condenser  constructed  as  follows: — A  large  closed 
chamber  made  of  iron  is  partially  filled  with  water,  the  flue  from 
the  furnace  passes  through  the  top  of  the  chamber  and  terminates 
a  little  below  the  surface  of  the  water,  so  that  all  the  gases  from 
the  furnace  must  pass  through  the  water.  On  each  side  of  the 
flue  in  the  water  is  arranged  a  number  of  metallic  gauze  screens 
in  such  a  way  that  the  gases,  (fee,  must  pass  through  them  on 
their  way  from  the  flue.  These  screens  serve  to  collect  the  fume 
and  solid  matter  which  comes  from  the  furnace ;  from  time  to 
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time  the  screens  are  shaken  by  the  mechanical  contrivance 
provided  for  that  purpose,  which  frees  them  from  the  fume  that 
has  deposited  upon  them  and  this  settles  down  to  the  bottom  of 
the  tank  or  water  chamber.  The  flue  gases  which  pass  through 
the  screens  are  drawn  through  them  and  the  water  into  a 
chimney  by  means  of  a  fan.  From  time  to  time  the  fume  that 
deposits  is  collected  and  treated  as  may  be  required  to  convert  it 
into  a  useful  pigment."^ 

The  properties  of  the  pigment  thus  made  do  not  differ  much 
from  those  of  the  sublimed  white  lead  described  above. 

MAXWELL  LYTE  WHITE  LEAD. 

In  1886,  Mr.  Maxwell  Lyte  patented  the  production  of  a  basic 
sulphate  of  lead  for  use  as  a  pigment.  The  process  of  manu- 
facture is  given  as  follows: — A  solution  of  basic  acetate  of  lead 
is  made  by  pouring  three-fourths  of  a  solution  of  the  normal 
acetate  of  lead  of  a  specific  gravity  of  1*15,  30°  Tw.,  over 
spongy  lead,  by  which  means  a  solution  of  basic  acetate,  having 
a  specific  gravity  of  1*315,  or  63°  Tw.,  is  obtained.  100  gallons 
of  this  solution  are  taken,  and  to  it  is  added  just  enough  sulphuric 
acid  to  turn  litmus  paper  red ;  the  mass  is  then  boiled,  the 
sulphate  allowed  to  settle,  and  the  clear  liquor  used  for  making 
new  solutions  of  lead.  The  precipitate  of  lead  sulphate  obtained 
when  boiled  with  a  solution  of  basic  acetate  of  lead  for  an  hour 
yields  the  basic  sulphate. 

The  sulphate  of  lead  pigments  may  be  distinguished  by 
boiling  them  with  hydrochloric  acid,  which  will,  if  free  from 
barytes,  dissolve  them  completely ;  any  barytes  they  may  con- 
tain will  be  left  as  an  insoluble  residue.  The  solution  will  yield 
a  white  precipitate  of  barium  sulphate  on  adding  a  solution  of 
barium  chloride,  and  will  deposit  crystals  of  lead  chloride  on 
cooling.  The  presence  of  lead  carbonate,  zinc  oxide,  or  other 
white  pigments,  may  be  detected  in  either  a  nitric  acid  or 
hydrochloric  acid  solution  by  the  tests  given  under  white 
lead. 

A  full  analysis  of  these  lead  sulphate  pigments  is  rarely 
required ;  but  they  should  be  assayed  for  colour,  hue,  cover- 
ing power,  &c.,  by  the  methods  described  in  another  chapter. 

*  Considerable  improvements  have  been  made  in  the  manufacture  of  this 
sulphate  white  lead,  so  that  now  the  quality  is  more  uniform,  and  the 
colour,  covering  power,  body,  &c.,  better. 
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SULPHITE  OP  LEAD  WHITE. 

Sulphite  of  lead  is  a  white  insoluble  powder  containing  lead 
oxide  and  sulphur  dioxide,  and  having  the  formula  Pb  S  O3. 
It  was  first  proposed  to  be  used  as  a  pigment  in  1850  by  Dr, 
John  Scoffern,  who  took  out  a  patent  for  its  production  and  use 
for  painting.  The  process  he  describes  for  its  preparation  is  to 
prepare  a  solution  of  basic  acetate  of  lead,  and  to  precipitate  the 
sulphite  from  this  by  passing  a  current  of  sulphur  dioxide  gas 
through  it.  A  solution  of  normal  acetate  is  left,  which  may  be 
used  for  preparing  fresh  basic  acetate ;  while  the  pigment  which 
is  precipitated  is  collected,  washed  with  water,  and  dried.  This 
sulphite  white  is  said  to  be  of  good  colour  and  body,  to  mix 
better  with  oil  than  the  sulphate,  and  to  keep  its  colour  better 
than  the  carbonate  white. 

In  1881  Andrew  French  patented  a  process  of  manufacturing 
a  white  pigment,  which  consisted  oi  a  mixture  of  about  80  per 
cent,  of  sulphite  of  lead,  with  20  per  cent,  of  oxide  of  zinc,  al- 
though these  proportions  were  liable  to  vary  from  time  to  time. 
This  pigment  was  made  by  mixing  ores  containing  both  lead 
and  zinc  with  carbon  in  such  forms  as  coal,  charcoal,  coke,  (fee, 
and  treating  the  mixture  in  a  low  cupola  furnace  fitted  with 
a  hot  blast.  By  this  treatment  the  ore  becomes  partly  reduced 
to  the  metallic  state ,  while  some  is  oxidised  and  carried  by  the 
blast  of  air  in  the  form  of  fume  into  flues  and  collecting  chambers, 
where  it  settles  out.  The  amount  of  air  supplied  in  the  blast 
is  so  arranged  that  the  oxidation  is  limited,  and  the  sulphites 
of  the  metals  are  produced  and  not  the  sulphates  (see  Sublimed 
and  Hannay's  white  leads).  The  pigment  so  made  is  described 
as  being  superior  to  ordinary  white  lead,  inasmuch  as  it  retains 
its  colour  longer  and  is  superior  to  sulphate  whites  in  having 
more  covering  power  or  body,  and  mixing  with  oil  better. 

The  author  has  not  seen  any  of  these  sulphite  whites,  and  they 
are  not  now  made. 

A.  C.  J.  Charlier  produced  sulphite  of  lead  by  acting  with 
sulphur  dioxide  gas  on  litharge  (English  Patent,  No.  19,788  of 
1896),  and  subsequently  (English  Patent,  No.  5,637  of  1902) 
described  a  plant  for  acting  with  sulphur  dioxide  on  litharge 
under  pressure. 

ZINC  WHITES. 

Several  white  pigments  containing  zinc  as  their  base  are  now 
used  as  pigments  on  a  fairly  large  scale.  These  usually  contain 
as  their  essential  constituent  one  or  other  or  both  of  two  com- 
pounds of  zinc — viz.,  the  oxide,  Zn  O,  and  the  sulphide,  Zn  S ; 
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the  former  has  been  used  as  a  pigment  for  a  long  time,  the  latter 
is  of  comparatively  recent  introduction.  The  oxide  is  generally 
sold  under  the  name  of  zinc  white,  and  is  always  the  body  or 
compound  which  is  understood  to  be  designated  by  that  term. 
The  sulphide  is  rarely  sold  pure,  but  is  more  or  less  mixed  with 
oxide  of  zinc  and  other  white  pigments,  and  sold  under  a  variety 
of  names,  which  will  be  given  below. 

ZINC  WHITE. 

This  pigment,  also  known  as  Chinese  white,  consists  entirely 
of  the  oxide  of  the  metal  zinc,  which  has  the  composition — 

Zinc,  Zn,       .       .       .       80*25  per  cent. 
Oxygen,  0,    .       .       .       1975  „ 

having  the  formula  Zn  O. 

It  can  be  prepared  in  two  ways  — 

1.  By  Combustion  of  Metallic  Zinc, — Zinc  is  a  volatile  metal, 
and  when  heated  to  a  white  heat  it  is  readily  converted  into 
vapour ;  if  this  comes  into  contact  with  air  or  oxygen  combustion 
can  take  place,  and  the  oxide  is  formed  by  the  union  of  the  metal 
with  oxygen,  as  shown  in  the  equation — 

Zn  +  0  =  ZnO. 

The  usual  method  of  manufacturing  zinc  white  is  based  on 
this  reaction. 

2.  By  the  Action  of  Heat  on  certain  Zinc  Compounds. — When 
the  carbonate  or  hydroxide  of  zinc  are  heated  strongly  they  lose 
part  of  their  constituents,  leaving  a  residue  of  oxide  behind. 
This  method  of  preparing  zinc  white  has  been  used  and  made 
the  subject  of  many  patents. 

1.  Combustion  Method. — This  is  the  principal  method  for 
preparing  zinc  white.  The  process  is  carried  out  in  a  special 
form  of  plant,  which  is  shown  in  Figs.  8  and  9.  This  plant 
consists  essentially  of  two  portions,  one  in  which  the  zinc  is 
produced  in  the  form  of  vapour,  and  the  other  of  chambers  in 
which  the  white  formed  by  the  combustion  of  the  zinc  vapour 
is  collected.  The  vapourising  plant  consists  of  a  furnace,  A  A, 
in  which  are  placed  a  number  of  fireclay  retorts,  B  B  B.  These 
furnaces  are  made  double,  back  to  back,  so  as  to  accommodate  two 
sets  of  retorts,  as  shown  in  the  drawing ;  they  are  of  the  rever- 
beratory  type.  The  retorts  are  made  of  fireclay ;  the  usual  form 
is  shown  in  the  drawings,  although  it  varies  a  little  at  different 
works.    The  mouths  of  these  retorts  open  into  a  kind  of  com- 
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bustion  chamber  or  flue  made  of  sheet-iron ;  one  end  of  this 
flue  is  made  funnel-shaped,  and  is  open  to  the  air,  so  that  a 
current  of  air  can  pass  through  it,  the  other  end  of  the  flue  opens 
into  the  first  collecting  chamber.    The  white  hot  vapour  of  zinc, 


Fig.  8. —Zinc  white  furnaces. 

when  it  comes  from  the  retort  into  this  flue,  burns,  and  fumes  of 
zinc  oxide  are  emitted  in  large  volumes ;  these  are  carried  by  the 
draught  into  the  collecting  chambers.  The  collecting  chambers, 
CCC,  are  large  chambers  varying  in  number  at  different  works. 
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Fig.  9.  —Zinc  white  furnaces. 


but  usually  six  set  in  two  series  are  employed.  They  are  con- 
structed of  wood,  and  each  chamber  is  complete  in  itself;  it  com- 
municates with  its  neighbours  on  either  side  by  means  of  small 
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apertures  so  placed  alternately  at  top  and  bottom  that  the  fumes 
and  gases  from  the  retorts  must  take  a  circuitous  course  through 
the  series  of  chambers;  in  so  doing  the  oxide  of  zinc  which  they 
carry  with  them  is  deposited  on  the  sides  of  the  chambers ;  finally, 
the  gases  pass  through  a  long  flue,  G  G  G,  to  the  chimney  of  the 
works.  In  this  flue  there  are  screens  which  serve  to  intercept 
any  oxide  which  has  escaped  condensing  in  the  chambers.  The 
bottom  of  the  chambers  is  made  hopper-shaped,  so  that,  by  placing 
barrels  underneath  and  opening  a  slide,  the  oxide  can  be  taken 
out  of  the  chambers  with  ease.  Although  zinc-white  chambers 
are  usually  constructed  of  the  form  shown  in  Figs.  8  and  9, 
yet  it  is  obvious  that  any  other  form  of  collecting  chambers  may 
be  used,  such  as,  for  instance,  those  described  under  lamp-black. 

The  retorts  measure  about  28  inches  long  by  10  inches  broad, 
and  6  to  8  inches  high,  the  sides  having  a  thickness  of  1  i  inches. 
Eight  of  these  retorts  are  placed  in  a  furnace  arranged  in  two 
sets  of  four,  back  to  back ;  two  retorts  open  into  one  series  of 
three  collecting  chambers. 

The  furnace  is  so  constructed  that  the  flames  from  the  fireplace 
first  pass  over  the  retorts,  then  under  them  in  a  flue,  and  finally 
pass  out,  or  rather  the  products  of  combustion  pass  out,  into  a 
chimney  by  the  flue,  G  G  G,  connected  with  the  collecting 
chambers,  whereby  the  draught  necessary  for  drawing  the  zinc 
oxide  through  the  chambers  is  created.  The  draught  should  be 
good,  so  as  to  ensure  a  plentiful  supply  of  air  to  the  vapour  of 
the  zinc  as  it  passes  out  of  the  retorts,  otherwise  some  of  the 
zinc  is  sure  to  escape  combustion,  and  this,  passing  into  the 
chambers  unchanged,  causes  the  discolouration  of  the  white. 

Usually  metallic  zinc  is  used  as  the  raw  material  for  the  pre- 
paration of  the  zinc  white,  but  it  has  been  proposed  to  use  zinc 
ores,  such  as  calamine  (carbonate  of  zinc),  and  zinc  blende,  or  black 
Jack  (sulphide  of  zinc),  and  any  products  containing  zinc,  which, 
by  being  heated  in  a  retort  with  reducing  agents  like  coal 
or  charcoal,  can  be  reduced  to  the  metal,  which,  being 
volatilised  in  the  operation,  can  be  burnt  and  collected  in  the 
manner  described  above.  The  great  objection  to  this  method 
of  procedure  is  that  the  zinc  ores  are  rarely  pure,  being  accom- 
panied by  varying  quantities  of  other  metals — cadmium,  antimony, 
(fee.  Some  of  these  are  volatile  like  zinc,  and  on  burning  form 
oxides  which  pass  into  the  collecting  chambers  and  contaminate 
the  zinc  white,  spoiling  the  colour  very  considerably.  This  is 
especially  the  case  with  cadmium,  which  is  a  very  common  con- 
stituent of  zinc  ores.  This  metal  forms  a  brown  oxide,  which, 
if  present,  always  spoils  the  zinc  white.  In  the  ordinary  process 
pf  zinc  smelting  it  is  eliminated  by  taking  advantage  of  its  greater 
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volatility,  but  it  is  obvious  that  in  zinc-white  making  it  is  not 
possible  to  separate  it  out  from  the  finished  product.  It  is  chiefly 
on  account  of  the  presence  of  these  impurities  in  the  zinc  ores, 
and  the  discolouring  action  they  have  on  the  white,  that  they 
are  not  now  used  for  preparing  it. 

Occasionally  it  is  found  that  the  white  collected  in  the  first 
chambers  is  not  so  good  as  that  collected  in  the  following  ones ; 
this  is  due  to  the  presence  of  small  traces  of  impurities  in  the 
zinc  which  is  used  and  which  it  is  difficult  to  entirely  eliminate. 
These  impurities  are  found  to  collect  mostly  in  the  first  chamber, 
and  the  white  in  this  is,  when  found  to  be  of  a  poor  colour,  sold 
as  an  inferior  quality  of  zinc  white. 

The  general  methods  of  working  is  to  raise  the  retorts  to  a 
white  heat,  and  then  to  throw  in  the  ingots  of  zinc ;  all 
apertures  are  now  closed  up  excepting  those  leading  from  the 
air  to  the  combustion  chamber  and  into  the  collecting  chambers. 
The  zinc  soon  begins  to  volatilise,  and  on  issuing  from  the  mouth 
of  the  retort  burns.  It  is  essential  to  prevent  the  combustion 
taking  place  within  the  retort  because  it  would  then  soon 
become  choked  up  by  a  deposit  of  infusible  oxide.  This  can 
only  be  done  by  making  the  mouth  of  the  retort  narrow,  and 
scraping  the  crust  formed  on  the  mouth  of  the  retort  by  means 
of  scrapers.  The  zinc  white  formed  by  the  combustion  of  the 
vapours  is  of  two  kinds,  light  and  heavy ;  the  former  passes  into 
the  chambers  and  is  there  collected,  the  latter  drops  down  the 
combustion  chamber,  being  rather  heavy,  into  a  barrel  placed 
for  its  reception,  and  being  usually  of  a  poor  colour,  may  be 
returned  to  the  retorts  with  the  next  batch,  along  with  a  small 
quantity  of  carbon  in  some  form  or  other. 

The  zinc  white  made  by  this  process,  while  being  of  a  good 
colour,  is  very  light  and,  in  consequence,  is  rather  deficient  in 
body,  still  it  gives  a  more  uniform  product  than  any  other 
process  hitherto  devised,  and  is,  therefore,  the  chief,  if  not  the 
only,  process  now  in  use  for  making  zinc  white. 

2.  Ignition  Methods. — When  carbonate  of  zinc,  Zn  C  O3,  is 
heated  it  loses  its  carbonic  acid  and  leaves  a  residue  of  zinc 
oxide,  Zn  O,  according  to  the  equation — 

ZnCOs       =       ZnO       +  COg. 

Similarly  the  hydroxide,  Zn  Hg  Og,  loses  water  and  leaves 
oxide  behind — 


ZnHgOg       =       ZnO       +  H2O, 
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Other  salts  of  zinc,  such  as  the  nitrate  (Zn  2  N  O3),  the  sulphate 
(Zn  S  the  sulphide  (Zn  S),  are  also  altered  when  heated  and 
yield  a  residue  of  oxide ;  but  they  require  rather  a  higher 
temperature  to  effect  their  decomposition  than  do  the  first  two 
compounds  named. 

Neither  of  these  two  compounds  occurs  naturally  in  a  suffi- 
ciently pure  form  to  be  used  as  a  source  for  the  preparation  of 
zinc  white  by  an  ignition  method,  therefore  they  have  to  be 
prepared  artificially ;  the  carbonate,  by  precipitating,  by  means 
of  a  solution  of  sodium  carbonate,  any  solution  of  zinc,  when 
it  is  obtained  as  a  white  powder  insoluble  in  water.  The 
hydroxide  is  similarly  obtained  by  adding  a  solution  of  caustic 
soda  to  a  solution  of  zinc.    In  this  case  care  has  to  be  taken  not 
to  add  the  precipitant  in  excess  or  otherwise  some  of  the 
hydroxide  first  thrown  down  will  be  redissolved  again,  zinc 
hydroxide  being  soluble  in  caustic  soda  solution.     The  pre- 
cipitates in  either  case  are  well  washed  with  water  by  decan- 
tation,  and  then  drained  on  a  filter.    It  is  not  necessary  to  dry 
them.    When  as  much  water  has  drained  from  them  as  possible, 
the  mass  is  thrown  into  a  crucible  and  heated  to  a  white  heat 
for  some  time,  when  a  bright  yellow  residue  of  zinc  oxide  is 
left  in  the  hot  crucible ;  this,  however,  as  it  cools  turns  white. 
When  cold  the  oxide  is  ground  up  for  use  as  a  pigment.  The 
white  obtained  by  this  process  is  a  good  one,  has  good  body  or 
covering  power  and  is  of  good  colour;   but  the  process  of 
manufacture  is   more  costly  than   that  by  combustion,  con- 
sequently, it  is  rarely,  if  ever,  used.     Attempts  have  been 
made  to  utilise  by  this  method  many  waste  solutions  of  zinc 
which  are  obtained  in  various  industries,  but  hitherto  without 
much  success.     The  principal  difficulties  are  the  trouble  of 
collecting  these  liquors  and  the  influence  which  any  impurities 
they  contain  may  have  on  the  colour  of  the  resulting  pigment, 
these  impurities  being  difficult,  if  not  impossible,  to  eliminate 
by  any  practicable  process. 

PROPERTIES   OF  ZINC  WHITE. 

Zinc  white  is  a  rather  bulky  fine  white  powder,  having  a 
specific  gravity  of  5*6.  In  hue  it  is  rather  bluish.  It  is 
quite  insoluble  in  water,  oil,  alcohol,  and  turpentine.  It  dis- 
solves in  dilute  sulphuric  acid,  hydrochloric  acid,  acetic  acid, 
and  many  other  acids  without  effervescence,  giving  colourless 
solutions.  It  is  also  soluble  in  ammonia  and  alkaline  solutions. 
It  is  unchanged  by  exposure  to  air  and  light,  and  sulphur 
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or  sulphur  gases  have  no  visible  action  on  it,  as  the  sulphide 
formed  is  white  like  the  oxide ;  as  a  pigment,  therefore,  it  is 
quite  permanent.  It  mixes  well  with  all  vehicles  used  in  pre- 
paring paints.  For  preparing  the  stiff  paste,  which  is  sometimes 
sold,  it  requires  about  22  per  cent,  of  linseed  oil,  a  much  larger 
proportion  than  is  required  by  any  other  pigment.  It  mixes 
well  with  water,  and  in  this  form  it  is  largely  used  by  water- 
colour  artists,  under  the  name  of  Chinese  white.  It  can  be 
mixed  with  all  other  pigments  without  undergoing  any  change 
or  changing  the  other  pigment.  The  chief  fault  of  zinc  white  is 
its  want  of  body,  which  is  not  equal  to  that  of  white  lead.  Its 
covering  power  is  rather  better.  This  is,  no  doubt,  due  to  its 
bulkiness,  which  is  inseparable  from  the  mode  of  preparation. 
Many  attempts  have  been  made  to  produce  a  dense  zinc  white. 
The  plan  most  commonly  in  use  is  to  grind  the  pigment  for 
some  time  under  edge  runners,  so  as  to  break  down,  so  to 
speak,  the  voluminous  character  of  the  pigment,  and  make  it 
more  powdery,  in  which  form  it  has  greater  covering  power. 
Another  proposed  plan  is  to  heat  the  zinc  white  to  a  red  heat, 
and  then  drop  it  into  cold  water ;  the  sudden  cooling  effects  the 
breaking  up  of  the  particles  of  zinc  white,  but  this  method  is 
not  so  effective  as  the  grinding  process,  and  is  rather  more 
troublesome  to  carry  out.  Its  cost,  want  of  body,  and  want  of 
freedom  in  working  under  the  brush,  have  limited  the  use  of  zinc 
white  much  below  that  justified  by  its  permanent  qualities. 

ASSAY  AND  ANALYSIS  OF  ZINC  WHITE. 

Zinc  white  can  be  assayed  for  covering  power  and  colour  in 
the  usual  way. 

Zinc  white,  being  a  rather  costly  pigment,  is  very  liable  to 
adulteration  with  other  white  pigments,  such  as  china  clay, 
barytes,  whiting,  terra  alba,  &c. 

Zinc  white  should  be  completely  soluble  in  dilute  sulphuric 
acid  without  effervescence ;  a  property  possessed  by  no  other 
white  pigment.  Effervescence  indicates  an  addition  of  white 
lead,  whiting,  or  magnesite.  Most  other  adulterants  are  left  as 
an  insoluble  residue.  The  solution  in  acids  is  quite  colourless. 
On  adding  ammonia,  a  white  precipitate  is  first  obtained;  but, 
on  adding  an  excess,  this  is  redissolved ;  any  lead,  if  present, 
is  left  as  an  insoluble  residue.  On  adding  ammonium  sulphide 
to  the  ammoniacal  solution,  a  white  precipitate  of  zinc  sulphide 
will  be  obtained ;  this  precipitate  should  be  quite  white,  or,  at 
most,  have  a  faint  yellow  tint,  due  to  its  containing  traces  of  the 
yellow  ammonium  sulphide ;  any  other  colour  would  indicate 
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impurities.  This  precipitate  should  be  filtered  off,  and  to  the 
filtrate  a  solution  of  ammonium  oxalate  be  added ;  no  preci- 
pitate should  be  obtained;  if  there  is  any  it  indicates  the 
addition  either  of  calcium  carbonate  in  the  form  of  whiting 
(which  is  also  indicated  by  eflfervescence  with  acids),  or  of 
calcium  sulphate.  If  to  the  solution  or  filtrate  from  the 
ammonium  oxalate  sodium  phosphate  be  added,  the  forma- 
tion of  a  white  precipitate  indicates  the  addition  of  magnesium. 

If  a  preliminary  test  with  dilute  sulphuric  acid  shows 
that  adulterants  are  present,  it  will  be  best  to  treat  the 
pigment  with  hydrochloric  acid,  and  boil  it,  filtering  ofi*  any 
insoluble  residue,  and  then  allowing  the  solution  to  cool ;  if 
crystals  form,  then  lead  is  present,  and  has  been  added  either 
in  the  form  of  white  lead  or  lead  sulphate,  the  character  of  the 
results  obtained  will  .indicate  which.  In  the  solution  zinc, 
calcium,  and  magnesium  may  be  looked  for  as  described  above. 
If  an  insoluble  residue  is  left  it  may  contain  barytes,  china  clay, 
or  gypsum;  which  substances  may  be  tested  for  in  the  way 
described  under  their  respective  heads. 

The  quantity  of  zinc  oxide  in  a  pigment  can  be  thus  ascer- 
tained— Weigh  out  about  1  gramme  of  the  pigment,  dissolve  it 
in  hydrochloric  acid,  and  to  the  solution  add  first  ammonia  in 
excess,  then  ammonium  sulphide  in  slight  excess ;  the  mixture 
is  placed  on  one  side  for  a  few  hours,  and  then  filtered ;  the  pre- 
cipitate of  zinc  sulphide  is  well  washed,  dried,  placed  in  a  por- 
celain crucible,  and  ignited  at  a  bright  red  heat,  taking  care  that 
plenty  of  air  reaches  the  material  in  the  crucible  ;  by  this  means 
the  sulphide  is  converted  into  oxide.  When  the  reaction  is  con- 
sidered to  be  complete,  the  crucible  and  its  contents  are  allowed 
to  cool,  and,  when  cold,  are  weighed ;  the  weight  of  zinc  oxide 
found  gives  at  once  the  weight  of  zinc  white  in  the  pigment. 

SULPHIDE  OP  ZINC  WHITES. 

When  ammonium  sulphide  is  added  to  alkaline  solutions  of 
zinc  salts,  or  when  sulphuretted  hydrogen  is  passed  through 
similar  solutions,  a  white  precipitate  of  the  sulphide  of  zinc  is 
obtained.  This  is  a  body  composed  of  sulphur  and  zinc  in  the 
following  proportions — 

Zinc,       ....       67  per  cent. 
Sulphur,         ,       .       .      33  „ 

its  formula  being  Zn  S. 

The  first  mention  of  the  use  of  this  compound  as  a  pigment 
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occurs  in  a  patent  granted  in  1852,  the  process  for  its  prepara- 
tion being  to  add  a  solution  of  sulphide  of  potash  to  one  of 
zinc  sulphate.  The  patentee  did  not  prepare  it  with  a  view 
of  using  it  as  a  painters'  pigment,  but  for  the  purpose  of  colour- 
ing india-rubber. 

During  the  last  twenty  years  very  considerable  attention  has 
been  paid  to  zinc  sulphide  as  the  possible  base  of  a  white  pig- 
ment. The  consequence  has  been  that  it  is  now  manufactured 
on  a  large  scale  by  several  colour  manufacturers  and  sold  as  a 
pigment  under  a  variety  of  names,  as  Orr's  Charlton  white, 
Orr's  enamel  white,  Griffith's  patent  zinc  white,  patent  zinc 
white,  lithophone,  &c.  None  of  these  bodies  consist  only 
of  sulphide  of  zinc,  but  contain  oxide  of  zinc,  barytes,  mag- 
nesia, &c. 

When  alkaline  sulphides  are  added  to  solutions  of  zinc  salts, 
a  white  precipitate  of  the  sulphide  is  obtained,  according  to  the 
equations — 


ZnS04 

+ 

NaaS 

=  ZnS 

+ 

Nag  S  O4 

Ziuc 
sulphate. 

Sodium 
sulphide. 

Zinc 
sulphide. 

Sodium 
sulphate. 

Zn  CI2 

+ 

CaS 

=  ZaS 

+ 

Ca  CI2 

Zinc 
chloride. 

Calcium 
sulphide. 

Zinc 
sulphide. 

Calcium 
chloride. 

which  may  be  considered  as  typical  of  the  operations  carried  out 
on  a  large  scale. 

Zinc  sulphide  is  prepared  on  a  moderate  scale  and  used  by 
indiarubber  manufacturers  for  colouring  white  rubber  goods,  it 
having  been  found  that  zinc  white  (zinc  oxide)  or  zinc  sulphide 
are  perhaps  the  best  pigments  to  use  for  this  purpose.  The 
zinc  sulphide  employed  must  be  of  good  colour,  free  from  any 
impurities,  and  should  contain  from  97  to  98  per  cent,  of  dry 
zinc  sulphide,  the  rest  being  water. 

Zinc  sulphide  possesses  what  to  the  painter  is  of  great  import- 
ance, "  body the  colour  is  apt  not  to  be  good.  It  is  extremely 
difficult  to  remedy  this  defect  with  pure  zinc  sulphide,  but  by 
introducing  other  bodies  and  preparing  the  sulphide  in  a  special 
way,  a  pigment  possessing  both  good  colour  and  good  body  may 
be  obtained. 
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ORR'S  WHITE  ENAMEL  OR  CHARLTON 
WHITE. 


This  zinc  pigment  was  first  patented  in  1874,  and  is  the  parent 
of  this  group  of  zinc  whites.  The  process  of  manufacture  consists 
in  first  preparing  barium  sulphide  by  calcining  barytes  with 
charcoal  for  some  hours  at  a  white  heat ;  the  calcined  mass  is 
then  lixiviated  with  water  to  dissolve  out  the  barium  sulphide 
which  is  formed.  The  solution  so  obtained  is  divided  into  two 
equal  portions.  To  one  of  these  is  added  a  solution  of  zinc 
chloride,  whereby  a  precipitate  of  zinc  sulphide  is  obtained 
according  to  the  equation — 


Ba  S     +     Zn  Clg 

Barium  Zinc 
sulphide.  chloride. 


Ba  CI2      +     Zn  S. 

Barium  Zinc 
chloride.  sulphide. 


The  precipitate  is  not  separated,  but  to  the  mass  is  now  added 
the  rest  of  the  barium  sulphide  and  sufficient  solution  of  zinc 
sulphate,  when  a  combined  precipitate  of  zinc  sulphide  and 
barium  sulphate  will  be  obtained.  This  precipitate  is  washed 
with  water,  filter-pressed,  dried,  and  then  calcined  at  a  red  heat 
in  a  suitable  furnace.  While  still  hot  the  mass  is  thrown  into 
cold  water,  which  causes  it  to  become  rather  denser  than  it  other- 
wise would  be,  and  thus  have  more  body ;  the  product  is  finally 
ground  as  fine  as  possible  and  dried,  when  it  is  ready  for  use. 
The  calcination  causes  some  of  the  zinc  sulphide  to  become  con- 
verted into  oxide,  and  thus  the  final  product  will  consist  of  a 
mixture,  more  or  less  intimately  united,  of  zinc  sulphide,  zinc 
oxide,  and  barium  sulphate.  It  is  quite  possible  that  the  zinc 
compounds  are  in  a  state  of  more  intimate  union  than  would 
be  the  case  if  they  were  simply  prepared  separately  and  then 
mixed  together ;  that,  in  fact,  an  oxysulphide  of  zinc  is  formed. 
The  exact  composition  of  the  pigment  will  depend  upon 
several  factors,  the  proportion  between  the  barium  and  zinc 
salts  used  may  be  varied,  while  the  duration  of  the  calcination 
will  influence  the  result  by  increasing  the  proportion  of  oxide 
in  the  pigment. 

As  made  by  this  process  Orr's  white  has  the  composi- 
tion— 
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Barium  sulphate,  Ba  S  O4,  . 
Zinc  sulphide,  Zn  S,  . 
Zinc  oxide,  Zn  0, 
Water,       .       .       .  . 


Per  cent. 
69-915 
14-698 
13-337 
2-050 


100-000 


The  ordinary  pigment  is  made  to  contain  one  equivalent  of 
Zn  S  to  one  of  Ba  S  O^,  but  it  is  to  be  borne  in  mind  that  this 
large  proportion  of  barium  sulphate  exists  in  the  pigment  in  a 
finely-divided  condition,  being  precipitated  simultaneously  with 
the  zinc  sulphide.  A  mixture  of  natural  barytes  with  zinc 
sul[)hide  or  zinc  white  gives  a  very  inferior  product. 

In  a  later  patent  Orr  describes  a  similar  process,  but  the 
materials  used  are  zinc  sulphate  and  strontium  sulphide.  The 
patentee  proposes  to  make  the  zinc  sulphate  by  slightly  calcining 
poor  ores  of  zinc  in  such  a  way  that  the  sulphate  is  formed ;  the 
calcined  mass  is  lixiviated  with  water  in  such  a  way  that  a 
solution  of  1-150  specific  gravity  is  obtained.  The  strontium 
sulphide  is  prepared  by  calcining  celestine  (natural  strontium 
sulphate)  with  charcoal ;  the  calcined  mass  on  lixiviation  with 
water  yields  a  solution  of  strontium  sulphide  of  specific  gravity 
1  -060.  These  two  solutions  are  mixed  in  equivalent  proportions 
when  a  combined  precipitate  of  zinc  sulphide  and  strontium 
sulphate  is  obtained,  as  shown  in  the  following  equation : — 


This  precipitate  is  washed,  dried,  and  calcined  as  above.  The 
resulting  pigment  is  a  combination  of  zinc  sulphide,  zinc  oxide, 
and  strontium  sulphate.  The  patentee  specifies  that  the  calcina- 
tion shall  be  continued  until  all  sulphur  vapours  are  given  off. 
The  white  pigment  so  obtained  is  described  as  being  equal  in 
body  to  white  lead,  while  it  possesses  the  merit  of  not  being 
discoloured  by  sulphuretted  hydrogen. 

Owing  to  certain  practical  difficulties  in  preparing  strontium 
sulphide  this  process  is  not  worked. 

Charlton  white  is  an  excellent  substitute  for  white  lead ;  its 
colour  is  good,  its  body  is  superior  to  that  of  white  lead,  in 
well-made  samples  it  has  about  twice  the  colouring  power, 


ZnS04     +     SrS     =     Zn  S      +     Sr  S  O4 


Zinc  Strontium  Zinc  strontium 

sulphate.  sulphide.  sulphide.  sulphate. 
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while  it  possesses  the  advantages  of  not  being  discoloured  by 
sulphuretted  hydrogen,  by  sulphur  gases  or  pigments,  and  of 
being  non-poisonous.  It  mixes  well  with  all  vehicles,  so  that  it 
may  be  used  for  all  kinds  of  painting  with  good  results.  It 
mixes  with  all  pigments  except  those  having  lead  or  copper  as 
their  base ;  these  it  is  liable  to  discolour  on  account  of  the 
sulphur  it  contains,  but  with  any  other  pigments  there  is  no 
change  produced  on  mixing. 


GRIFFITH'S  PATENT  ZINC  WHITE 

was  introduced  about  1876,  and  is  made  under  a  patent  dated 
1875.  The  process  of  manufacture  consists  in  taking  "vat 
waste,''  a  residue  of  the  Leblanc  process  of  alkali-making  and 
exposing  it  to  the  oxidising  action  of  the  atmosphere  for  some 
time ;  after  which  it  is  lixiviated  with  water,  and  a  solution,  con- 
sisting largely  of  calcium  sulphide,  with  some  sodium  sulphide, 
obtained.  To  this  solution  an  equivalent  quantity  of  a  solution 
of  zinc  sulphate  is  added,  when  a  precipitate  of  zinc  sulphide, 
along  with  some  calcium  sulphate,  is  obtained.  Barium  sulphate, 
in  a  state  of  fine  division,  is  prepared  by  adding  a  solution  of 
barium  chloride  to  one  of  magnesium  sulphate.  The  zinc 
sulphide  and  barium  sulphate  are  now  mixed  together,  and, 
after  being  dried,  are  calcined  until  no  further  vapours  are 
given  off ;  the  calcined  mass  is  then  ground  with  water, 
levigated,  and  dried,  when  it  is  ready  for  use. 

Another  method  of  making  this  white  is  to  mix  together 
solutions  of  barium  chloride  and  zinc  sulphate,  when  barium 
sulphate  is  thrown  down ;  to  the  mixture  is  now  added  the 
"vat  waste"  liquor  as  before,  which  precipitates  zinc  sulphide. 
The  two  compounds  are  thus  obtained  in  a  much  better  state 
of  admixture  than  is  the  case  when  made  according  to  the 
last  process.  The  mixture  is  calcined  as  above.  The  best 
precipitating  agent  is  said  to  be  "  pentathionide  of  calcium," 
prepared  by  boiling  65  parts  of  sulphur  with  35  parts  of 
calcium  sulphide  in  the  state  of  solution,  when  a  red  liquor 
is  obtained,  which  can  be  used  to  precipitate  the  zinc  salts. 

A  dry  method  of  preparing  the  white  consists  in  mixing 
2  parts  of  barium  sulphate  with  1  part  of  zinc  oxide  and 
10  per  cent,  of  sulphur  and  5  per  cent,  of  sodium  carbonate; 
this  mixture  is  calcined,  levigated,  and  dried. 

A  somewhat  different  process,  one  more  on  the  lines  of  Orr's 
patent,  is  described  in  a  subsequent  patent,  taken  out  in  1877 
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by  Griffith.  According  to  this,  barium  sulphide  is  prepared  by- 
calcining  barytes  with  charcoal,  and  a  solution  is  obtained  by 
lixiviation  in  the  usual  way  ;  to  this  is  added  an  equivalent 
quantity  of  a  solution  of  zinc  sulphate,  when  a  precipitate, 
consisting  of  a  mixture  of  barium  sulphate  and  zinc  sulphide, 
is  obtained.  This  is  calcined  in  crucibles,  without  air  being 
admitted,  so  that  very  little,  if  any,  oxidation  takes  place ; 
the  calcined  mass  is  ground  with  water,  and,  after  being 
washed,  is  dried  and  mixed  with  a  small  quantity  of  magnesia, 
which  imparts  to  it  the  property  of  more  thoroughly  mixing 
with  oil,  and  gives  it  a  softness  in  working  which  it  would 
not  otherwise  have. 

In  the  preparation  of  zinc  sulphide  whites,  one  difficulty 
which  is  encountered  is  that  the  product  sometimes  comes  from 
the  calcining  furnace  with  a  yellow  tint;  this,  perhaps,  is  due 
to  oxidation,  which  must  be  avoided.  For  this  purpose  Griffith 
mixes  the  mass,  before  calcining,  with  from  \  to  2|  per  cent,  of 
ammonium  chloride  or  ammonium  sulphate,  which,  by  being 
volatile,  produces  an  atmosphere  of  ammonia  round  the  pig- 
ment, thereby  preventing  oxidation  and  the  discolouration  of  the 
pigment. 

A  rather  novel  method  of  preparing  sulphide  of  zinc  was 
patented  by  Griffith  Cavdey  in  1879.  The  principle  of  this 
method  lies  in  the  fact  that  when  zinc  and  sulphur  are  brought 
together,  in  the  state  of  vapour,  they  will  <  combine  to  form  the 
sulphide.     The  process  is  carried  out  in  the  plant  shown  in 


Fig.  10.-'  Zinc  sulphide  white  plant. 


Fig.lO.  Sulphur  is  placed  in  the  vessel,  A,  where  it  is  melted; 
it  flows  into  the  egg-shaped  still,  B,  contained  in  the  furnace,  G, 
in  which  it  is  converted  into  vapour;  the  zinc  vapour  passes 
into  another  chamber,  where  it  comes  into  contact  with  vapour 
of  metallic  zinc  from  the  still,  C ;  the  two  bodies  unite  to  form 
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sulphide,  which  passes  along  into  the  chambers,  E,  where  it 
collects.  These  chambers  are  constructed  similarly  to  those 
used  in  making  ordinary  zinc  white  ;  but  they  are  kept  hot,  so 
that  any  excess  of  sulphur  vapour  can  pass  through  them  and 
be  collected  in  the  chamber,  F.  The  zinc  sulphide  which 
collects  in  the  chamber,  E,  is  ready  for  use  as  a  pigment,  or 
it  can  be  mixed  with  barytes,  &c.  D  is  a  revolving  scraper, 
for  the  purpose  of  keeping  the  mouth  of  the  zinc  still  free  from 
any  deposit  of  sulphide  which  might  tend  to  cause  it  to  become 
chocked  up. 

Griffith's  patent  zinc  white  is  very  largely  used  as  a  pigment ; 
its  colour  is  good,  in  body  it  is  nearly,  if  not  quite,  equal  to 
that  of  white  lead,  while  it  is  far  superior  to  that  of  ordinary 
zinc  white.  lb  does  not  become  discoloured  by  exposure  to 
sulphuretted  hydrogen,  or  to  any  other  sulphur  compounds  ;  it 
resists  exposure  to  all  atmospheric  agencies,  and  is  one  of  the 
most  permanent  white  pigments  known.  It  mixes  well  with 
oil,  working  very  freely  under  the  brush  ;  in  this  respect  it  is 
quite  equal  to  white  lead.  It  mixes  with  all  pigments,  excepting 
those  containing  lead  or  copper,  without  being  changed  by  them, 
or  changing  them  in  any  way. 

A  sample  of  Griffith's  zinc  white,  analysed  by  the  author,  had 
the  following  composition  : — 

Water,  hygroscopic,        ....  1*362  per  cent. 

Water,  combined,    .       .       .       .       .  3*712 

Zinc  oxide,  Zn  0,   9*182 

Zinc  sulphide,  Zn  S,        ....  23*041 

Barium  sulphate,  Ba  S  O4,      ,       .       .  62*54-l  ,, 

KNIGHT'S  PATENT  ZINC  WHITE. 

This  zinc  white  is  prepared,  according  to  the  patent  of  1876' 
by  adding  sulphuretted  hydrogen  or  a  solution  of  calcium 
sulphide  or  calcium  pentasulphide  to  hot  solutions  of  either  zinc 
chloride  or  zinc  sulphate ;  the  precipitate  of  zinc  sulphide 
obtained  is  collected,  washed,  dried,  and  calcined.  To  a  mixed 
solution  of  zinc  sulphate  and  kieserite,  which  is  crude  magnesium 
sulphate,  a  solution  of  sodium  carbonate  is  added,  whereby  a 
mixed  precipitate  of  the  carbonates  of  zinc  and  magnesia  is 
obtained ;  this,  after  washing,  drying,  and  calcining,  is  mixed 
with  the  calcined  zinc  sulphide  obtained  in  the  first  instance. 

The  best  precipitant  for  the  zinc  is  said  to  be  calcium  penta- 
sulphide prepared  by  boiling  vat-waste  liquor  with  sulphur  in 
such  a  way  that  for  every  40  parts  of  calcium  there  are  160  parts 
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of  sulphur  y  a  red  liquor  is  obtained  which  may  be  used  for  pre- 
cipitating the  solutions  of  zinc. 

In  a  patent  taken  out  in  1882  a  process  of  preparing  zinc 
sulphide  white  is  described  which  is  rather  more  complicated. 
The  process  consists  in  preparing  three  solutions.  No.  1  is  a 
solution  of  sodium  sulphide,  obtained  by  boiling  caustic  soda 
with  sulphur  in  the  usual  way.  No.  2  is  a  solution  of  zinc 
sulphate.  No.  3  is  a  solution  of  strontium  chloride  prepared  by 
dissolving  the  carbonate  in  hydrochloric  acid. 

Nos.  1  and  2  are  mixed  in  equivalent  proportions,  whereby 
there  is  formed  a  precipitate  of  zinc  sulphide  and  a  solution  of 
sodium  sulphate.  To  the  mixture  is  now  added  an  equivalent 
quantity  of  solution  No.  3,  when  a  precipitate  of  strontium 
sulphate  and  a  solution  of  sodium  chloride  are  formed.  A 
precipitate  consisting  of  zinc  sulphide  and  strontium  sulphate  in 
equivalent  proportions  is  thus  obtained  ;  this  is  collected,  washed, 
dried,  and  calcined.  The  calcined  mass  is  finished  by  grinding, 
levigating  with  water,  and  drying. 

This  white  has  similar  properties  to  the  two  whites  described 
above. 

Besides  the  processes  described  above  for  making  zinc  sulphide 
whites,  the  following  may  be  mentioned  as  having  been  made  the 
subject  of  patents: — Parnell  dissolves  zinc  in  alkaline  solutions 
and  throws  down  the  sulphide  by  means  of  an  alkaline  sulphide, 
the  pigment  being  finished  by  calcining  as  above.  William^s 
process  does  not  differ  much  from  that  of  Orr;  he  takes  a  solution 
of  zinc  chloride  and  throws  down  the  sulphide  by  means  of  a 
solution  of  calcium  sulphide ;  after  separating  the  solution  of 
calcium  chloride  which  is  formed,  a  solution  of  barium  chloride 
is  added  and  then  one  of  sodium  sulphate;  the  combined  precipi- 
tate of  zinc  sulphide  and  barium  sulphate  is  then  finished  by 
calcining  ;  sometimes  a  little  magnesia  is  added  to  enable  the 
pigment  to  mix  with  oil  more  perfectly.  Glaus  dissolves  zinc 
carbonate  (either  the  natural  variety  calamine,  or  the  artificial 
product)  in  ammonia ;  to  this  is  added  a  solution  of  barium 
sulphide  which  throws  down  a  precipitate  of  zinc  sulphide  and 
barium  carbonate.  This  precipitate  is  collected,  dried,  and  cal- 
cined out  of  contact  with  air ;  while  still  red  hot  the  calcined 
mass  is  thrown  into  cold  water,  then  ground,  levigated  with 
water,  and  dried.  The  use  of  the  waste  liquors  of  galvanisers 
is  mentioned  as  a  source  of  the  zinc  solution  by  Claus  in  his 
patent  specification. 

One  of  the  many  difficulties  met  with  in  the  preparation  of  the 
zinc  whites  just  noted  is  that  they  are  very  liable  to  turn  yellow 
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during  the  process  of  calcining,  which  yellow  tint  is  preserved 
in  the  finished  product.  This  yellow  tint  is  obviously  objec- 
tionable and  is  probably  due  to  over-oxidation.  Several  remedies 
have  been  proposed  to  avoid  this  defect.  One  of  these  is  to 
calcine  without  exposure  to  the  air  so  that  oxidation  cannot  take 
place ;  another  remedy  is  described  in  the  notice  of  Griffith's 
white  ;  still  another  is  not  to  wash  completely  the  precipitate, 
but  to  leave  a  little  of  the  soluble  salts  in  it  which  tend  to 
preserve  the  purity  of  the  colour. 

The  defect  is  not  so  prominent  when  the  pigment  is  made  as 
proposed  by  Knight,  by  mixing  1  part  of  zinc  sulphide  with  2  to 
3  parts  of  zinc  oxide  and  4  or  5  parts  of  barytes  with  a  little 
magnesia ;  this  mixture  is  calcined  out  of  contact  with  the  air,  so 
that  there  is  little  or  no  discolouration ;  still  this  method  does 
not  give  as  good  results  as  the  other  processes  which  have  been 
described,  due  to  the  difference  in  the  properties  of  natural 
barytes  and  precipitated  barium  sulphate. 

White  lead  is  liable  to  change ;  zinc  (oxide)  white,  although 
permanent  in  colour,  is  expensive,  and  has  comparatively  little 
body.  To  obtain  a  moderately -priced  white  possessing  the 
good  qualities  of  white  lead  and  zinc  white  is  the  object  sought 
for  in  the  preparation  of  the  zinc  sulphide  whites ;  the  measure 
of  the  success  may  be  gauged  by  the  fact  that  the  production 
at  the  present  time  is  100  tons  per  week,  and  is  steadily  in- 
creasing. 

Orr^s  process  is  the  only  one  now  worked  in  this  country. 

As  the  method  of  manufacture  involves  both  a  wet  or  dry 
process  it  is  by  no  means  easy  to  produce  a  perfectly  satisfactory 
article.  The  precipitate  produced  by  the  barium  sulphide  and 
the  zinc  solution  has  to  be  carefully  dehydrated  before  it 
becomes  a  pigment,  and,  unless  precautionary  means  are  taken, 
the  product  has  a  peculiar  tendency  to  darken  in  sunlight, 
passing  through  gradations  of  grey  often  to  a  deep  slate  colour, 
the  white  colour  being  restored  after  long  exposure. 

During  the  calcining  or  furnacing  operation,  besides  the 
yellowing  effect  noted  above,  there  is  a  tendency  to  the  pro- 
duction of  grit  which  is  troublesome  during  the  subsequent 
washing  and  grinding. 

Notwithstanding  all  the  difficulties  in  the  way  of  its  pro- 
duction a  very  fine  white  pigment  is  found  on  the  market,  fast 
in  colour,  fine  in  condition,  and  of  good  covering  power  and 
staining  properties. 
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ASSAY  AND  ANALYSIS  OF  ZINC  SULPHIDE 
WHITES. 

As  these  are  of  such  variable  composition  it  is  necessary  to 
assay  them  for  colour  and  covering  power  in  the  usual  way. 

An  analysis  of  these  whites  is  rarely  required.  When  such 
is  the  case,  the  analysis  of  Orr's  or  of  Griffith's  white  given 
above,  and  that  of  the  lithophone  which  is  given  below,  will 
show  what  to  look  for  in  these  whites. 

They  are  distinguished  from  other  white  pigments  by  being 
partially  soluble  in  hydrochloric  acid,  sulphuretted  hydrogen 
being  given  off  during  the  solution  of  the  pigment  in  the  acid. 

The  solution  in  hydrochloric  acid  will  show  the  characteristic 
tests  for  zinc  given  under  zinc  white,  and  will  contain  any  mag- 
nesia which  may  have  been  added  to  the  white,  as  also  any 
calcium  which  may  be  present.  If  the  white  has  been  made  with 
barium  or  strontium  carbonates,  the  solution  will  also  contain 
barium  or  strontium  ;  these  may  be  tested  for  by  adding  sul- 
phuric acid,  when,  if  present,  a  white  precipitate  of  the  sulphates 
will  be  obtained,  and  can  be  differentiated  by  applying  the  dis- 
tinguishing tests. 

The  residue  which  is  left  undissolved,  on  treatment  with 
hydrochloric  acid,  will  consist  of  either  sulphate  of  barium  or 
sulphate  of  strontium  ;  these  may  be  distinguished  by  using  the 
flame  tests. 

A  sample  of  lithophone,  one  of  the  zinc  sulphide  whites 
examined  by  the  author,  had  the  following  composition  : — 

Barium  sulphate,  Ba  S  O4,        .       .       67  '96  per  cent. 
Zinc  oxide,  Zn  0,      .       ,       .       .  7*32 
Zinc  sulphide,  Zn  S,         ...  24*85 

This  pigment  possessed  a  good  body  and  worked  well  in  oil ;  it 
had  a  slight  yellow  tint. 

This  pigment  is  now  known  almost  entirely  by  its  German 
name  of  lithopone.  Various  qualities  are  made  varying  in  the 
amount  of  zinc  sulphide  they  contain ;  the  best  is  that  known 
as  red  seal "  with  30  per  cent,  of  zinc  sulphide ;  the  "  white 
seal''  grade  contains  25  to  26  per  cent,  of  zinc  sulphide,  the 
"blue  seal''  grade  22  per  cent.,  and  the  "yellow  seal"  grade  15 
per  cent. 

Reference  may  be  made  to  Fischer's  English  Patent,  No. 
17,956  of  1903,  to  Armbruster's  patent,  No.  17,784  of  1903, 
describing  the  production  of  a  white  pigment  containing  zinc 
hydroxide,  barium  sulphate,  and  barium  carbonate ;  to  Arm- 
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bruster^s  patent,  No.  17,785  of  1903,  describing  a  pigment 
composed  of  zinc  sulphide ;  and  to  Matzac's  patent,  No.  17,895 
of  1903,  describing  a  white  pigment  containing  zinc  hydroxide 
and  zinc  carbonate. 


BARYTES. 


Barytes  is  one  of  the  most  important  white  pigments  at  the 
disposal  of  the  painter ;  probably,  in  this  respect,  ranking  next 
to  white  lead  as  to  the  extent  of  its  use,  although  its  qualities 
as  a  pigment  are  much  inferior.  In  composition  it  is  the 
sulphate  of  the  metal  barium  and  is  obtained  from  both  natural 
and  artificial  sources.  The  composition  is  indicated  by  the 
formula  Ba  S  O^.  In  nature  it  occurs  in  large  quantities  very 
widely  distributed,  forming  the  mineral  barytes,  heavy  spar, 
or,  as  it  is  called  by  the  lead  miners,  cawk,  or  lead  bloom. 
Artificially,  it  is  obtained  whenever  sulphuric  acid  or  solution 
of  a  sulphate  is  added  to  a  solution  of  a  barium  salt. 

In  this  country  barytes  is  found  most  abundantly  in  Derby- 
shire ;  w^hile  in  Cornwall,  Devonshire,  Cumberland,  several 
places  in  Wales  and  Ireland,  it  is  also  found  and  worked.  It 
occurs  in  the  form  of  large  crystalline  masses,  generally  opaque, 
but  sometimes  transparent  pieces  are  found ;  in  some  cases  the 
crystalline  character  is  not  very  strongly  developed  and  then  the 
barytes  appears  to  be  more  or  less  amorphous.  The  normal 
colour  of  the  barytes  is  white,  but  often  it  has  a  faint  yellow 
tint,  due  to  the  presence  of  small  quantities  of  oxide  of  iron ;  it 
often  has  small  streaks  of  lead  ore  (galena)  distributed  through- 
out its  mass. 

The  following  analyses  of  two  samples  of  Derbyshire  barytes 
will  show  the  average  composition  of  this  mineral : — 


Specific  gravity, 


Opaque 

Crystalline 

variety. 

variety. 

4112 

5-02 

98-796 

98-566 

•211 

-830 

•767 

•504 

trace 

•017 

Barium  sulphate,  Ba  S  O4,  . 
Ferric  oxide,  Fe2  O3,  .... 
Calcium  sulphate,  Ca  S  O4,  . 
Magnesia,  MgO, .  .... 

As  a  rule  the  transparent  variety  is  heavier  than  the  opaque 
variety,  as  is  seen  from  the  above  analyses.  Of  two  samples  of 
Cumberland  barytes,  one,  a  transparent  variety,  had  a  specific 
gravity  of  4-5,  while  the  other,  an  opaque  sample,  had  a  specific 
gravity  of  4*3. 
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PREPARATION  OP  BARYTES. 

In  principle  the  preparation  of  barytes  as  a  pigment  is  very 
simple.  It  merely  requires  grinding  to  a  fine  powder,  when  it 
is  ready  for  use.  In  practice,  however,  to  ensure  the  best 
results  a  little  more  than  this  is  required.  The  crude  barytes 
comes  to  the  grinder  in  large  lumps  more  or  less  contaminated 
with  foreign  minerals  j  the  crude  material  is  first  hand-picked  to 
separate  out  all  pieces  that  are  not  barytes  and  in  some  cases  to 
pick  out  the  small  pieces  of  lead  ore  with  which  the  mineral  may 
be  mixed.  The  subsequent  treatment  varies  a  little  at  different 
barytes  works,  according  to  the  character  of  the  machinery  which 
is  available,  but  the  following  may  be  taken  as  a  description  of 
the  general  method  in  use  for  preparing  barytes  : — After  being 
picked,  the  pieces  or  lumps  of  barytes  are  ground  to  a  coarse 
powder  under  edge-runner  mills ;  from  these  it  is  transferred  to 
fiatstone  mills,  in  which  it  is  further  ground,  usually  under 
water,  a  constant  stream  of  which  is  caused  to  pass  through  the 
mills  during  the  operation ;  from  these  mills  the  ground  barytes 
is  passed  to  settling  tanks,  which  are  usually  constructed  of 
stone ;  in  them  the  barytes  settles  in  a  few  hours,  the  super- 
natant water  is  run  away,  while  the  top  portion  of  the  mass  of 
barytes,  being  the  finest,  is  taken  and  stored  ready  for  the  next 
operation;  while  the  bottom  portion,  which  is  usually  much 
coarser,  is  sent  back  into  the  grinding  mills  again  to  be  re- 
ground.  The  grinding  cannot  be  too  well  done  as  on  it  depends 
the  quality  of  the  resulting  pigment. 

After  the  grinding  the  barytes  is  next  subjected  to  a  bleaching 
process  to  free  it  from  any  yellow  tint  it  may  possess.  This  tint 
is  due,  in  almost  all  cases,  to  oxide  of  iron,  from  which  barytes  is 
rarely  free.  The  process  is  carried  out  in  stone  cisterns,  the  size 
of  which  will  vary  in  different  works  according  to  the  quantity 
of  barytes  it  is  desired  to  treat  at  one  time ;  a  steam  pipe  is  fitted 
to  the  cistern,  so  that  the  contents  may  be  heated,  an  operation 
which  facilitates  the  bleaching.  The  wet  barytes  from  the 
settling  tanks  is  run  into  these  stone  cisterns,  and  heated  up  to 
near  the  boiling  point ;  then  a  quantity  of  hydrochloric  acid  is 
run  into  the  cistern,  the  amount  used  varying  considerably.  As 
a  matter  of  fact  it  should  be  proportioned  to  the  amount  of  oxide 
of  iron  in  the  crude  barytes,  but,  as  a  rule,  it  is  added  in  a  rule 
of  thumb  sort  of  way  at  most  works;  on  an  average  about  1  cwt. 
of  acid  to  1  ton  of  crude  barytes  is  used. 

The  acid  extracts  the  oxide  of  iron,  leaving  the  barytes  quite 
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white.  Hydrochloric  acid  is  the  best  to  use  for  bleaching  barytes, 
because  it  has  most  solvent  action  on  the  oxide  of  iron,  and 
because  it  is  cheap  ;  if  the  barytes  contains  any  carbonate  this 
will  be  dissolved  by  the  acid,  but  may  be  recovered  by  adding 
sufficient  sulphuric  acid  to  the  solution  to  precipitate  all  the 
dissolved  carbonate  as  sulphate  ;  it  is  doubtful  whether  the  gain 
of  barytes  thus  obtained  is  worth  the  expense. 

It  is  a  good  plan  to  give  the  barytes  two  treatments  with  the 
acid,  using  the  second  acid  from  one  batch  for  the  first  acid  treat- 
ment of  a  second  batch  of  barytes,  the  second  treatment  being 
with  fresh  acid,  which  is  used  afterwards  as  the  first  acid  for 
another  batch  ;  the  acid  which  has  been  used  for  two  lots  of 
barytes  may  then  be  thrown  away.  Working  in  this  way  a 
smaller  quantity  of  acid  is  used,  while  the  barytes  is  better 
bleached  ;  because  the  second  lot  of  acid,  being  fresh  and  strong, 
has  a  better  chance  of  dissolving  out  the  last  traces  of  oxide  of 
iron  than  acid  which  is  already  spent  and  charged  with  that  body. 

After  treatment  with  acid  the  barytes  is  allowed  to  stand  to 
settle,  the  acid  liquor  is  poured  off,  and  water  is  poured  on  to 
wash  the  barytes  ;  this  washing  being  repeated  once  or  twice  so 
as  to  wash  all  traces  of  acid  out  of  the  barytes.  This  is  now  in 
some  works  subjected  to  a  levigating  process  to  obtain  as  fine  a 
quality  of  barytes  as  possible,  the  coarser  qualities  being  sent 
back  into  the  grinding  mills  to  be  reground.  It  takes  about 
three  hours  for  barytes  to  settle  out  of  the  wash  waters  in  the 
settling  tanks  which  are  used,  the  clear  water  is  syphoned  or 
drawn  ofi"  in  any  convenient  way,  and  the  barytes,  which  is  in 
the  form  of  a  stifi"  paste  containing  some  25  to  30  per  cent,  of 
water,  is  passed  on  to  the  drying  stoves  to  be  dried. 

The  drying  of  the  wet  barytes  is  generally  done  in  two  stages. 
From  the  settling  tanks  the  barytes  is  thrown  on  to  the  tops  of 
drying  flues,  which  flues  are  horizontal  and  run  round  three  sides 
of  a  drying  shed,  and  are  connected  at  one  end  with  a  furnace  or 
fire-place,  at  the  other  with  a  chimney.  The  flues  are  about 
2  feet  6  inches  square,  the  sides  being  built  of  brick,  while  the 
top  is  formed  of  flagstones.  On  the  top  or  tops  of  the  flues  the 
wet  barytes  is  thrown,  and  it  is  allowed  to  remain  until  it 
becomes  sufficiently  dry  to  adhere  together  ;  when  it  has  reached 
this  condition  it  is  cut  up  into  large  bricks.  The  bricks  are  now 
transferred  to  the  drying  stoves.  The  drying  stoves  are  large 
chambers  built  of  brick  ;  in  the  centre  is  built  a  furnace  which  is 
so  constructed  that  it  may  be  fed  from  the  outside.  In  some 
works  there  is  built  in  the  centre  of  the  chamber  a  large  globular 
shaped  vessel  of  iron  which  is  in  connection  with  the  furnace,  so 
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that  it  may  be  heated  to  a  red  heat;  this  vessel,  generally  known 
as  **the  balloon/'  adds  considerably  to  the  temperature  and,  there- 
fore, to  the  drying  power  of  the  stove.  Over  the  furnace  and 
balloon,  and  around  the  sides  of  the  stove,  are  built  ranges  of 
skeleton  shelves  of  iron,  on  which  is  placed  the  bricks  of  barytes 
taken  from  the  tops  of  the  drying  flues^  and  where  they  are 
allowed  to  remain  until  they  get  properly  dry,  which  takes 
several  days  ;  when  dry  they  are  removed  from  the  stove,  and 
the  barytes  is  ground  up  in  mills  to  a  fine  powder,  and  then 
packed  for  sale. 

Floated  barytes  "  is,  or  should  be,  a  fine  quality  prepared  by 
a  process  of  levigation  ;  in  other  respects  it  does  not  differ  from 
ordinary  barytes. 
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PROPERTIES   AND    COMPOSITION  OP 
BARYTES. 

Barytes  is  a  fine  and  rather  heavy  white  powder,  having  a 
specific  gravity  of  4*5  to  4*75.  It  has  a  more  or  less  crystalline 
structure,  which  causes  it  to  have  a  slight  gritty  feel,  no  matter 
how  fine  it  may  be  ground.  It  is  quite  insoluble  in  all  acids 
and  alkalies,  a  property,  or  rather  properties,  which  distinguishes 
it  from  other  white  pigments.  It  is  quite  unafiected  by  any 
injurious  influences,  such  as  affect  white  lead,  and,  therefore, 
as  a  pigment  it  is  the  most  permanent  white  known ;  for  this 
reason  it  has  been  called,  and  sold,  as  constant  white,  permanent 
white,  &c. 

In  body  or  covering  power  it  is  much  inferior  to  either  white 
lead  or  china  clay,  but  it  is  better  than  zinc  white.  It  mixes 
very  well  with  oil,  of  which  it  takes  about  7  per  cent,  to  grind 
into  a  stiff  paste ;  as  an  oil  paint  it  is  satisfactory  in  use,  but  for 
water  colours  it  is  not  so  good,  seeming  to  lose  some  of  its  body 
on  mixing  with  water. 

Barytes  consists  essentially  of  barium  sulphate,  Ba  S  0^,  but 
commercial  barytes  generally  contains  traces  of  oxide  of  iron, 
silica,  &c.  The  following  analyses  will  show  the  general  com- 
position of  barytes : — 

1.  2.  3. 

Barium  sulphate,  Ba  S  O4,  .       .    98-530   99*860   99  68  per  cent. 
Iron  oxide,  Feg  O3,    .       .       .     0*005     0  002     0*01  „ 
Silica,  Si O2,      ....     0*500     0  040     0*31  „ 
Alumina,  AI2  O3,  &c.,       .       .     0*965     0*980       ...  „ 

It  is  largely  used  for  mixing  with  other  pigments,  especially 
with  white  lead,  many  commercial  samples  of  which  contain  from 
20  to  25  per  cent,  of  barytes  ;  its  presence  in  such  is  easily 
detected  by  its  insolubility  in  acids  and  its  tinging  the  Bunsen 
flame  green. 
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ASSAY  AND  ANALYSIS   OP  BARYTES. 

Barytes  should  be  assayed  for  colour  and  covering  power  in 
the  usual  way.  There  being  no  cheaper  pigment,  barytes  is 
never  adulterated,  but  it  is  used  as  an  adulterant  in  other  pig- 
ments. It  is  distinguished  by  its  high  specific  gravity,  being 
heavier  than  any  other  white  pigment  except  white  lead ;  and 
by  its  insolubility  in  acids,  which  distinguishes  it  from  all  other 
white  pigments  except  china  clay.  Barytes  can  be  detected  by 
moistening  a  little  with  hydrochloric  acid,  and  holding  it  on  a 
platinum  wire  in  the  lower  part  of  a  Bunsen  flame,  when,  if 
barytes  is  present,  the  latter  will  become  tinted  with  a  pale 
yellow  green  colour.  It  is  not  always  easy  to  see  this  colour,  as 
sometimes  it  only  comes  in  flashes,  while  at  others  it  is  more 
persistent ;  much  depends  upon  the  amount  of  acid  used.  With 
a  little  care  the  presence  of  barytes  in  any  pigment  may  be  de- 
tected by  this  test. 

Blanc  fixe  or  artificial  barytes  is  obtained  as  a  fine  white 
precipitate  when  sulphuric  acid  or  a  sulphate  is  added  to  a  solu- 
tion of  a  barium  salt,  as,  for  example,  the  sulphocyanide  with 
aluminium  sulphate;  the  reaction  is  shown  in  the  equation — 

3Ba2(SCN),    +    AI23SO4    =    3BaS04    +  AlglSCNje 

Barium  Aluminium  Barium  Aluminium 

sulphocyanide.  sulphate.  sulphate.  sulphocyanide. 

Generally  the  chloride  is  used  when  it  is  desired  to  make 
blanc  fixe. 

100  lbs.  of  commercial  barium  chloride,  BaClg,  2  Hg  0,  require 
132  lbs.  of  Glauber's  salt  (sodium  sulphate  and  NagSO^,  lOHgO) 
or  96  lbs.  of  alum  (Kg  SO4,  Alg  3  24  O)  for  precipitation 
and  produce  95  lbs.  of  anhydrous  barium  sulphate. 

The  sulphate  precipitated  is  allowed  to  settle,  the  aqueous 
layer  is  run  ofl",  fresh  water  run  in  to  wash  the  precipitate  free 
from  acid,  &c.,  and  the  precipitate  collected  on  filters.  It  now 
forms  a  pasty  mass  containing  from  70  to  75  per  cent,  of  barium 
sulphate,  and  from  25  to  30  per  cent,  of  water,  and  in  this  form 
is  largely  sold  to  paper  stainers,  cotton  finishers,  and  others. 
It  is  rarely  dried  for  use  as  a  pigment  in  oil  and  water-colour 
painting.  Blanc  fixe  is,  when  dried,  a  very  fine  white  powder, 
possessing  a  great  degree  of  colouring  power  and  body,  in  which 
respects  it  very  much  excels  the  natural  barytes ;  hence  it 
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is  preferred  by  users  to  the  natural  variety,  and  is  employed 
as  a  base  for  many  of  the  large  pigments  prepared  from  the 
coal-tar  colours  (see  Chapter  IX.),  as  also  in  the  preparation  of 
zinc  sulphide  whites,  being  generally,  in  such  pigments,  pre- 
cipitated simultaneously  with  the  actual  colouring  principle. 
Its  chemical  properties  are  identical  with  those  of  barytes, 
given  above.  It  is  much  more  expensive  than  ordinary  barytes, 
because  the  natural  barjtes  is  the  source  from  which  all  other 
barium  salts  are  derived,  and  the  cost  of  making  first  the  chloride 
and  then  the  sulphate  from  this  adds  to  the  cost  of  the  latter. 
Barium  salts,  such  as  the  acetate,  sulphocyanide,  &c.,  are  used  in 
the  preparation  of  mordants,  such  as  acetate  of  chrome,  sulpho- 
cyanide of  alumina,  &c.,  by  double  decomposition  with  sulphates 
of  chrome  and  alumina,  in  which  case  barium  sulphate  is  also 
formed  as  a  bye-product ;  this  may  be  used  as  blanc  fixe,  pro- 
vided it  is  well  washed. 

GYPSUM,  TERRA  ALBA,  MINERAL  WHITE. 

Gypsum  is  a  mineral  found  in  great  abundance  in  many  parts 
of  the  world.  In  this  country  it  is  found  at  Chellaston,  near 
Derby,  Aston-on-Trent,  and  a  few  other  places  in  Derbyshire,  at 
Newark-on-Trent  in  JSTottinghamshire,  Fauld  in  Staffordshire, 
and  at  ^^Tetherfield  in  Sussex.  At  these  places  it  occurs  in  large 
quantities.  In  smaller  quantities  it  is  found  in  other  places. 
In  France  there  are  large  deposits,  more  especially  in  the 
district  round  Paris ;  it  is  also  found  in  Germany,  America, 
Canada,  and  other  countries. 

Gypsum  is  the  sulphate  of  calcium,  OaSO^;  but,  unlike  the 
corresponding  barium  sulphate,  gypsum  contains  2  molecules 
of  water  of  crystallisation,  so  that  it  has  the  formula, 
Ca  S  0^5  2  Hg  O ;  this  water  of  crystallisation  confers  on  it 
some  important  properties  which  will  be  briefly  noticed 
presently.    The  composition  of  gypsum  is — 

Sulphuric  anhydride,  S  O3,        .       .       .       46*51  per  cent. 

Calcium  oxide,  Ca  0,   32*56 

Water,  H2O,  20 '93 

Gypsum  is  found  in  several  forms.  The  most  useful  form  is 
that  in  large  amorphous,  crystalline  masses  of  a  white  or  nearly 
white  colour  and  more  or  less  opaque ;  this  is  the  variety  used 
for  a  pigment.  Often  it  occurs  more  or  less  coloured  in  a 
variegated  manner ;  this  variety  is  known  as  alabaster,  Derby- 
shire spar,  and  is  used  for  making  ornaments.    Satin  spar  is  ^ 
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variety  of  gypsum  occurring  in  large  fibrous  silky-looking  pieces; 
this  variety  is  also  used  as  a  pigment.  Selenite  is  a  variety 
which  occurs  in  large  transparent  flat  pieces,  which  have  the 
property  of  cleavage  very  highly  developed;  this  is  chiefly  used 
for  optical  purposes.  In  all  its  forms  gypsum  is  a  soft  mineral, 
easily  scratched  with  the  finger  nail  and  easily  ground  into  a 
white  powder.    Its  specific  gravity  varies  from  2*28  to  2*33. 

For  use  as  a  pigment  gypsum  is  ground  up  in  the  same  way 
as  barytes,  when  it  is  obtained  in  the  form  of  a  soft  white 
powder  of  a  very  good  colour  known  as  terra  alba,  mineral 
white,  satin  white,  &c. 

It  can  also  be  prepared  artificially.  It  is  a  bye-product  in 
some  operations,  as  in  preparing  acetate  of  alumina  from 
sulphate  of  alumina  and  acetate  of  lime,  or,  generally,  whenever 
acetate  of  lime  or  other  soluble  calcium  salts  are  precipitated 
by  sulphates — 

3Ca2C2H3  02    +    AI23SO4    =    3  Ca  S  O4    +    AI2  (C2  H3  0^)6 

Calcium  acetate.  Aluminium  Calcium  Aluminium 

Buljhate.  sulphate.  acetate. 

In  preparing  many  coal-tar  colours  gypsum  is  obtained,  and 
this  bye-product  could  be  used  in  preparing  the  so-called  aniline 
lakes  (see  Chapter  IX.). 

Properties  of  Gypsum. — The  colour  of  gypsum  is  generally 
very  good,  and  in  tone  is  a  bluish -white,  rather  bluer  than 
barytes,  but  not  so  blue  as  white  lead ;  occasionally  samples 
may  have  a  yellow  tint,  which  is  due  to  the  presence  of  oxide 
of  iron,  which,  however,  can  be  eliminated  by  treatment  with 
acids,  as  in  the  case  of  bleaching  barytes.  It  is  much  lighter 
than  either  white  lead  or  barytes,  but  is  rather  heavier  than 
china  clay  or  zinc  white.  Its  body  is  not  as  good  as  that  of 
white  lead,  but  it  is  at  least  equal  to  barytes  in  this  respect. 
It  mixes  well  with  water,  but  is  rather  transparent  when  mixed 
with  oil.  Being  neutral  in  its  properties,  it  can  be  mixed  with 
all  other  pigments  without  affecting  them,  or  being  aflected  by 
them  in  any  way.  On  exposure  to  light  and  air  it  is  unaffected, 
being  one  of  the  most  permanent  pigments  known.  It  is  used 
very  largely  by  paper  stainers  and  makers  of  paper  hangings, 
who  prefer  it  to  barytes  on  account  of  its  having  more  body 
when  used  for  that  class  of  work.  It  is  used  in  the  finishing  of 
cotton  goods,  in  paper  making,  and  for  a  variety  of  other  pur- 
poses where  a  cheap  white  pigment  is  required. 
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Gypsum  is  slightly  soluble  in  water,  about  1  part  in  500;  this 
solution  will  give  a  precipitate  of  calcium  oxalate  on  addition  of 
ammonium  oxalate  and  a  precipitate  of  barium  sulphate  on 
addition  of  barium  chloride.  It  is  more  soluble  in  hydrochloric 
acid ;  long  boiling  with  dilute  hydrochloric  acid  will  dissolve  it 
without  effervescence,  and  the  solution  will  show  the  presence  of 
both  calcium  and  sulphuric  acid  on  the  application  of  the  usual 
tests  for  those  bodies.  Gypsum  is  also  soluble  in  solutions  of 
ammonium  salts. 

At  a  temperature  of  about  300°  F.  gypsum  loses  its  water  of 
crystallisation  and  forms  a  white  powder,  which  has  the  property 
of  combining  with  water  and  setting  into  a  hard  mass ;  this 
property  is  a  very  important  one,  the  manufacture  of  the  white 
powder  being  carried  on  on  a  large  scale,  and  the  product  sold 
under  the  name  of  plaster  of  Paris  for  various  ornamental  and 
useful  purposes. 

ASSAY  AND  ANALYSIS  OP  GYPSUM.  —  Gypsum 
should  be  assayed  in  the  manner  given  in  Chapter  X.  for  tint, 
brilliancy,  covering  power,  and  other  properties  appertaining 
to  a  pigment.  A  chemical  analysis  is  rarely  required  and  it 
can  be  made  in  the  usual  way ;  oxide  of  iron,  silica,  barytes, 
and  whiting  being  the  substances  most  likely  to  be  added  or 
present  in  a  sample  of  gypsum.  Generally,  the  gypsum  offered 
commercially  is  nearly  pure,  containing  about  78*5  per  cent, 
of  calcium  sulphate,  the  rest  being  water  of  crystallisation. 

A  sample  of  gypsum  from  Chellaston  had  the  following 
composition  : — 


Water,   20*10  per  cent. 

Calcium  sulphate,   76*69 

Silica  and  barium  sulphate,       .       .       .       2*73  ,, 

Magnesia,  '44 

Oxide  of  iron,   trace 


SATIN  WHITE. 

Satin  white  is  a  pigment  consisting  essentially  of  a  mixture  of 
calcium  sulphate  (OaSOJ  and  aluminium  hydroxide  (AlgHgO^). 
It  is  very  largely  employed  by  paper  stainers  and  others  on 
account  of  its  fineness,  freedom  from  grit,  good  colour,  and 
opacity,  which  gives  it  good  covering  and  staining  power. 

It  is  prepared  by  slaking  quicklime  (16  parts)  with  water  to 
a  thick  cream ;  dissolving  aluminium  sulphate  (34  parts)  in  water; 
heating  the  two,  and  then  mixing  them,  allowing  the  mixture 
to  stand  for  a  few  hours,  then  filtering,  washing,  and  drying 
the  precipitate  or  residue.  Care  must  be  taken  to  employ  a 
good  quality  of  lime,  which  should  be  free  from  grit  and  much 
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insoluble  matter;  hence  chalk  lime  is  better  than  limestone 
lime.  Another  method  of  preparing  it  is  to  take  118  lbs.  of 
freshly-slaked  lime,  adding  to  this  350  lbs.  of  aluminium  sulphate 
and  10  lbs.  of  alum  ;  the  mixture  is  then  worked  in  a  pug  mill 
with  as  much  water  as  will  make  a  thin  paste,  the  ingredients 
being  kept  mixed  for  an  hour  or  so;  the  pigment  is  then  filtered, 
washed,  and  dried. 

Satin  white  may  be  distinguished  from  gypsum  or  mineral 
white  by  its  greater  solubility  in  acids  and  by  the  solutions 
giving  a  white  gelatinous  precipitate  of  aluminium  hydroxide  on 
the  addition  of  ammonia.  In  its  other  properties  it  resembles 
gypsum,  except  that  it  is  rather  more  opaque,  is  whiter  in 
colour,  and  has  greater  colouring  and  covering  powers. 

STRONTIAN  WHITE. 

Strontian  White. — Sulphate  of  strontium,  Sr  S  O^,  occurs 
naturally  as  the  mineral  celestine  in  small  quantities  in  many 
places  ;  it  is  used  on  a  limited  scale  as  a  pigment,  being  pre- 
pared for  this  purpose  in  the  same  way  as  barytes  is  made,  for 
which  it  is  often  sent  out  as  a  substitute.  It  can  also  be  made 
by  adding  a  solution  of  sulphuric  acid  or  a  sulphate  to  a  solution 
of  a  strontium  salt.  Prepared  in  this  way  it  enters  into  the  com- 
position of  some  patent  white  pigments. 

As  a  pigment  it  is  quite  equal,  if  not  superior,  to  barytes  in 
some  points,  and  in  all  respects  its  properties  are  identical.  If 
it  could  be  obtained  in  larger  quantities  it  would  be  a  formidable 
rival  to  both  barytes  and  gypsum. 

Strontium  sulphate  may  be  distinguished  from  barytes  by  its 
lower  specific  gravity  and  by  its  giving  a  crimson  colour  to  the 
Bunsen  flame ;  this  latter  test  will  also  distinguish  it  from 
gypsum,  from  which  it  is  also  distinguished  by  its  less  solubility 
in  water  and  acid  and  its  higher  specific  gravity. 

WHITING,   PARIS   WHITE,    SPANISH  WHITE, 
ENGLISH  WHITE. 

The  body  sold  under  all  these  names,  of  which  the  first  is  by 
far  the  most  common,  is  the  carbonate  of  calcium,  Ca  C  O3. 
This  compound  is  one  of  the  most  important  and  abundant  of 
rock-formers ;  it  occurs  in  large  masses,  forming,  in  many  cases, 
mountain  ranges  of  no  mean  size,  and,  in  a  variety  of  forms, 
only  surpassed  in  number  by  those  of  quartz.  It  not  only 
occurs  as  a  rock-former,  but  it  is  found  as  a  mineral,  that  is 
as  a  body  of  definite  form  and  composition,  in  great  abundance 
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and  variety  of  shape.  One  of  the  rocks  made  of  calcium 
carbonate  is  chalk,  which,  in  this  country,  is  largely  devel- 
oped both  north  and  south  of  London,  especially  in  the 
county  of  Sussex,  the  coast  line  of  which  is  celebrated  for  its 
chalk  cliffs.  It  is  also  found  in  the  north  of  France,  in  the 
district  between  Paris  and  the  English  Channel.  In  England 
it  is  extensively  quarried  for  a  variety  of  purposes,  one  of 
which  is  the  manufacture  of  whiting ;  and  English  whiting  has 
a  world-wide  reputation  for  quality.  Chalk  is  essentially  a  rock 
of  organic  origin,  and  it  owes  its  formation  to  the  operations 
of  certain  minute  organisms  known  as  Foraminifera ;  these  bodies 
have  the  property  of  secreting  a  shell  of  calcium  carbonate,  and 
chalk  is  the  remains  of  a  deposit  of  the  shells  which  has  been 
formed  after  the  death  of  the  animal  that  inhabited  them. 
Chalk  is  very  nearly  pure  calcium  carbonate,  but  it  contains 
traces  of  silica,  oxide  of  iron,  alumina,  &c.  Besides  the  traces 
in  which  silica  is  found  distributed  throughout  the  main  mass 
of  the  chalk,  it  also  occurs  in  large  masses  of  very  irregular 
shapes  known  as  flint. 

For  use  as  a  pigment,  the  chalk  is  quarried,  ground  under 
water  in  edge-runner  mills  to  a  coarse  powder,  then  passed  to 
flatstone  mills,  where  it  is  ground  very  fine  ;  from  which  mills 
it  is  run  into  tanks,  in  which  the  coarser  and  heavier  grit  and 
sand  settles,  while  the  finer  chalk  passes  on  to  other  tanks  in 
which  it  settles.  When  the  settling  tanks  or  pits  are  full,  the 
chalk  or  whiting  is  dug  out  and  dried.  It  is  first  taken  to  a  hot 
room,  on  the  floor  of  which  it  is  thrown  in  heaps.  Under  tho 
floor  are  a  number  of  flues  connected  with  a  furnace  fed  from 
the  outside  of  the  chamber ;  sometimes  the  flues  do  not  pass 
under  the  floor  of  the  chamber,  but  round  three  sides  of  it,  much 
in  the  same  manner  as  in  the  drying-room  used  in  making 
barytes.  In  this  room  it  remains  about  twelve  hours,  when  the 
great  bulk  of  the  water  it  contains  will  have  evaporated  a  way. 
The  partially  dry  mass  is  now  cut  into  masses  of  a  cubical 
shape,  and  taken  to  a  large  drying-room,  constructed  similarly 
to  the  one  described  under  barytes.  In  this  hot  chamber  it  is 
placed  on  iron  racks,  and  kept  there  until  it  is  thoroughly  dry, 
which  will  take  from  24  to  48  hours,  according  to  the  degree  of 
dryness  of  the  whiting,  and  to  the  temperature  of  the  drying 
stove ;  the  drying  is  also  facilitated  if  a  current  of  air  is  sent 
through  the  drying-room  during  the  process,  as  is  done  in  some 
works.  The  temperature  of  the  drying  stove  should  not  be  too 
high,  and  in  arranging  the  whiting  on  the  racks  it  is  advisable 
not  to  place  it  in  any  position  where  it  is  liable  to  be  subjected 
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to  extreme  heat.  After  being  dried,  the  whiting  is  ground  in  a 
flatstone  raill  before  it  is  sent  out  for  use. 

It  may  be  stated  that  one  reason  for  avoiding  over-heating 
during  the  process  of  drying  is  to  prevent  the  conversion  of 
the  carbonate  of  lime  into  quicklime.  One  of  the  properties 
of  carbonate  of  lime  is  that  when  heated  it  loses  its  carbonic 
acid,  and  passes  into  the  state  of  oxide,  which  has  some  powerful 
alkaline  properties  undesirable  for  some  purposes  to  which  whit- 
ing is  put. 

Paris  white  is  a  finer  quality  of  whiting,  prepared  from  chalk 
in  the  same  way,  but  the  grinding  is  more  thoroughly  done. 
Spanish  white  is  an  old  name  given  to  Paris  white  sold  in  a 
cylindrical  form,  prepared  by  moulding  the  wet  material  into 
that  form,  and  allowing  it  to  dry  in  the  open  air. 

COMPOSITION  AND  PROPERTIES  OF  WHITmG.— 
Whiting  is  a  dull  white  powder  of  an  amorphous  character, 
and  soft  to  the  feel ;  it  is  moderately  heavy,  the  specific  gravity 
being  about  2*5  to  2*8.  It  consists  chiefly  of  calcium  carbonate, 
but  it  may  also  contain  traces  of  silica,  water,  &c.  The  following 
analysis  of  an  ordinary  commercial  sample  will  show  the  average 
composition  of  whiting  : — 

Calcium  carbonate,  Ca  C  O3,     .       .       94*795  per  cent. 


It  is  quite  insoluble  in  pure  water,  but  in  water  containing 
carbonic  acid  gas  in  solution  it  is  soluble.  It  is  also  soluble  in 
acids  such  as  acetic,  hydrochloric,  niti-ic,  &c.,  with  effervescence 
due  to  the  evolution  of  carbonic  acid  gas.  Sulphuric  acid  de- 
composes it  with  effervescence,  carbonic  acid  being  evolved,  and 
insoluble  calcium  sulphate  formed.  There  are  but  few  white 
pigments  which  are  soluble  in  acids  with  eff'ervescence  ;  white 
lead  and  whiting  are  the  most  common,  while  the  carbonates 
of  barium,  strontium,  and  magnesium  are  occasionally  met  with. 

Heat  decomposes  it  with  the  evolution  of  carbonic  acid  gas, 
C  Og,  and  the  separation  of  calcium  oxide,  quicklime,  Ca  0  ;  this 
property  is  taken  advantage  of  in  preparing  lime  for  making 
cements,  mortars,  &c. 

As  a  pigment  it  is  mostly  used  as  a  body  colour  in  distemper 
work,  colouring  walls,  ceilings,  &c.,  using  water  as  a  vehicle. 
It  is  not  used  as  an  oil  colour,  for  it  is  subject  to  the  defect  that, 
when  mixed  with  oil,  it  loses  its  white  colour  and  turns  a  dirty 
grey  ;  mixed  with  about  18  per  cent,  of  linseed  oil,  it  forms  the 
useful  article  known  as  putty. 

It  has  a  tendency  to  be  somewhat  alkaline  in  its  properties. 
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In  this  respect  much  depends  upon  the  care  which  has  beerl 
exercised  in  drying  the  whiting  during  the  process  of  manufac- 
ture ;  over-heating  is  apt  to  cause  the  formation  of  small  quanti- 
ties of  quicklime,  which  increases  the  alkaline  properties  of  the 
whiting.  It  is  not  safe,  therefore,  to  mix  it  with  such  pigments 
as  Prussian  blue,  chrome  yellow,  verdigris,  emerald  green,  <kc., 
which  are  more  or  less  affected  by  alkalies.  Most  other  pig- 
ments— ultramarine,  yellow  ochre,  oxide  reds,  &c.,  are  not 
affected  by  whiting  in  any  way. 

It  is  quite  permanent  when  used  as  a  pigment,  and  is  not  at 
all  acted  on  by  any  of  the  ordinary  atmospheric  agents  which  are 
often  destructive  to  pigments. 

ASSAY  AND  ANALYSIS  OP  WHITING.— The  assay 
and  analysis  of  whiting  is  a  matter  which  is  rarely  required, 
the  pigment  is  so  cheap  that  it  is  not  subject  to  any  adultera- 
tion. When,  however,  an  assay  is  required,  it  can  be  done  in 
the  usual  way. 

Whiting  is  distinguished  by  the  following  tests  : — It  is  soluble 
in  dilute  hydrochloric  acid  with  much  effervescence ;  there  may 
be  left  undissolved  small  traces  of  silica  in  a  gelatinous  form, 
but  no  considerable  amount  of  white  powdery  insoluble  residue 
will  be  found.  On  adding  to  this  solution  ammonium  chloride 
and  ammonia,  no  precipitate  of  iron  or  alumina  should  be  ob- 
tained, or,  at  most,  a  very  slight  one.  On  further  adding 
ammonium  sulphide,  no  precipitate  should  be  obtained.  Addi- 
tion of  ammonium  oxalate  to  the  same  solution  throws  down  a 
white  precipitate  of  calcium  oxalate.  The  filtrate  from  this 
should  not  give  with  sodium  phosphate  more  than  a  mere  trace 
of  a  precipitate  of  magnesium  phosphate. 

The  quantity  of  calcium  carbonate  or  whiting  which  may  have 
been  added  to  any  pigment  may  be  ascertained  by  throwing  it 
down  as  calcium  oxalate,  as  described  above,  and  then  filtering 
off  this  precipitate ;  but  it  is  best  to  allow  it  to  stand  for  some 
time  before  filtering,  so  as  to  give  time  for  the  precipitation  to 
become  complete.  The  precipitate  is  well  washed,  then  dried, 
placed  in  a  weighed  crucible,  burned,  and  weighed  in  the  usual 
manner.  The  weight  of  the  residual  calcium  carbonate  gives  the 
weight  of  the  whiting  in  the  sample  taken. 

MAGNESITE 

is  the  form  in  which  magnesium  carbonate,  Mg  C  O3,  occurs  in 
many  localities,  closely  resembling  the  more  crystalline  varieties 
of  calcium  carbonate  in  appearance.  Ground  up  and  levigated 
with  water  it  has  been  offered,  from  time  to  time,  as  a  pigment, 
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but  it  has  not  come  into  general  use.  It  is  rather  heavier  than 
whiting,  its  specific  gravity  being  about  3*05.  Its  colour  is 
good,  and  it  forms  a  dense  white  powder ;  in  body  and  covering 
power  it  is  quite  equal  to  barytes.  It  works  well  in  both  oil 
and  water,  and  mixes  fairly  well  with  other  pigments,  although 
it  has  a  slight  tendency  to  possess  alkaline  properties.  It  is 
quite  permanent,  and  resists  exposure  to  light  and  air. 

Magnesite  may  be  distinguished  by  the  following  tests  : — 
It  is  soluble  in  dilute  hydrochloric  acid,  or  in  sulphuric  acid 
with  effervescence.  This  solution  gives  no  precipitate  with 
ammonium  chloride  and  ammonia,  ammonium  sulphide  or 
ammonium  oxalate,  but  gives  a  copious  white,  somewhat 
crystalline,  precipitate  of  ammonium  magnesium  phosphate  on 
addition  of  sodium  phosphate  to  an  ammoniacal  solution ;  this 
precipitate,  on  ignition,  is  converted  into  magnesium  pyro- 
phosphate. 

CHINA  CLAY. 

China  clay  or,  as  it  is  sometimes  called,  kaolin,  which  is  its 
Chinese  name,  is  a  natural  product,  and  only  requires  levigating 
and  drying  to  prepare  it  for  use  as  a  pigment.  It  owes  its  name 
to  its  use  in  the  manufacture  of  the  white  and  finer  varieties  of 
pottery.  Prior  to  its  discovery  in  this  country  the  pottery  in^ 
common  use  had  a  brown  colour,  due  to  the  use  of  clays  highly 
contaminated  with  iron,  and  much  of  the  best  kinds  of  white 
pottery  were  imported  from  China;  hence  the  use  of  the  term, 
^' china,''  for  white  pottery.  When  the  existence  of  the  deposits 
of  china  clay  in  Cornwall  was  found  out,  and  its  use  in  making 
])ottery  became  general,  the  goods  so  made  were  denominated 
china,"  and  the  material  "china  clay."  As  a  pigment  it  is 
not  used  to  the  extent  its  many  good  qualities  entitle  it  to. 

ORIGIN  AND  COMPOSITION  OF  CHINA  CLAY.— 
In  England  and  other  countries  where  china  clay  is  found  it 
is  invariably  associated  with  granite  rocks,  and  is  evidently  a 
decomposition  product  from  them.  The  exact  cause  which  has 
led  to  the  decomposition  of  the  granite  rocks  in  those  places 
where  china  clay  is  found,  and  to  its  not  undergoing  this 
decomposition  in  others,  where  it  is  equally  well  developed,  is 
a  matter  which  at  the  present  moment  is  one  of  uncertainty. 

Granitic  rocks  are  formed  by  the  aggregation  of  three  minerals 
in  various  proportions ;  these  three  minerals  are  quartz,  felspar, 
and  mica.  Quartz  is  the  special  form  of  silica  (oxide  of  silicon, 
Si  O2)  which  occurs  in  these  granitic  rocks ;  it  is  absolutely 
unchangeable  by  any  amount  of  exposure  to  the  atmosphere. 
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In  granites  it  forms  the  base  mass  throughout  which  the  other 
minerals  are  distributed. 

Mica  is  a  double  silicate  of  potassium  and  alumina,  having 
usually  the  composition  shown  in  the  following  analysis  :— 

Silica,  Si02,  .       .       .       .       46  "3  per  cent. 
Alumina,  AI2  O3,   .       .       .  36-8 
Potash,  K2  0,        .       .       .  13*7 

but  the  proportions  vary  in  micas  from  different  districts ;  in 
some  varieties  of  mica  the  potash  is  replaced  by  magnesium,  in 
others  by  sodium.  Mica  is  characterised  by  crystallising  in  thin 
transparent  flakes  or  plates,  which  are  sometimes  found  of  large 
size ;  these  flakes  have  the  property  of  cleavage  very  highly 
developed,  so  that  mica  can  be  easily  split  up  into  very  thin 
leaves.  It  is  a  very  refractory  substance,  and  will  resist  a 
considerable  amount  of  exposure  to  atmospheric  influences 
without  being  decomposed  ;  it  will  resist  heat  to  a  great  extent. 
During  the  natural  decomposition  of  the  granitic  rocks,  which 
gives  rise  to  the  formation  of  china  clay,  the  mica  and  quartz 
undergo  no  change  whatever. 

The  third  mineral  which  is  found  in  granite  is  felspar ;  this 
occurs  in  the  rock  in  the  form  of  white  or  slightly  reddish, 
opaque  rhombic  crystals.  In  some  granites  the  crystalline 
form  of  the  felspar  is  well  developed,  while  in  others  it  assumes 
an  amorphous  appearance.  There  are  many  varieties  of  felspar, 
but  they  are  all  of  them  double  silicates  of  alumina  and  of  the 
alkali-metals,  while  in  some  calcium  replaces  to  a  greater  or 
less  extent  the  alkali-metal.  The  most  important  and  most 
common  felspar  is  the  potash  variety,  known  as  orthoclase;  this 
has  the  composition  shown  in  the  following  analysis  : — 

Silica,  Si  O2,        .       .       •       64-20  per  cent. 
Alumina,  AI2  O3,  .       .       .  18*45 
Potash,  K2O,      .       .       .  17-35 

On  comparing  this  analysis  with  that  of  the  mica  given  above  it 
will  be  seen  that  the  felspars  contain  a  larger  proportion  of  silica 
and  of  the  alkaline  constituent,  while  the  proportion  of  alumina 
is  only  about  one-half  that  found  in  the  micas. 

The  formula  of  felspar  is  6  Si  Og,  Alg  O3,  Kg  O. 

The  soda-felspar  has  a  similar  composition  ;  in  some  felspars 
both  alkali-metals  are  present. 

Felspar  is  capable  of  undergoing  decomposition  when  exposed 
to  the  destructive  action  of  the  atmosphere,  which  decomposition 
is  probably  chiefly  brought  about  by  the  action  of  the  carbonic 
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acid  and  water  which  are  always  present  in  the  atmosphere; 
probably  the  alkali  is  eliminated  in  the  form  of  carbonate,  which, 
being  soluble  in  water,  passes  into  solution  in  the  springs  which 
rise  in  the  granite,  while  the  silica  and  alumina  are  left  behind 
in  an  insoluble  form,  the  kaolin  or  china  clay  of  the  potter.  The 
average  composition  of  china  clay  is  ; — 

Silica,  Si  O2,      .       .       .       .       47  per  cent. 
Alumina,  A I2  O3,       .       ,       .  40 
Water,  H2O,     .       .       .       ,  13 

which  corresponds  to  the  formula,  2  Si  Og,  Al^  O3,  2  O.  But, 
as  a  rule,  the  composition  of  the  china  clay  found  in  various 
localities  varies  somewhat  from  this,  as  will  be  seen  in  the 
following  analyses  of  some  china  clays  from  several  widely- 
separated  localities,  which  are  quoted  from  several  sources. 


ANALYSES  OF  CHINA  CLAYS. 
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China  clay  occurs  in  large  deposits  along  with  the  other  con- 
stituents of  undecomposed  granite,  the  china  clay  usually  forming 
from  15  to  20  per  cent,  of  the  whole  deposit.  The  deposit  does 
not  usually  occur  in  layers,  but  in  basins  in  the  surrounding 
granite  ;  over  the  deposit  there  is  usually  a  layer  of  soil  known 
locally  as  the  "  overburden,"  which  varies  in  thickness  from  one 
to  several  feet.  Fig.  11  is  a  drawing  of  a  china-clay  deposit 
taken  from  Mr  David  Cook's  Treatise  on  China  Clay.  The 
deposits  of  china  clay  are  often  of  great  depth. 

MANUFACTURE  OF  CHINA  CLAY.,— The  process  of 
extracting  the  china  clay  from  the  undecomposed  quartz  and 
mica  is  essentially  one  of  levigation  and  is  comparatively  simple. 


92 


WHITE  PIGMENTS. 


When  a  deposit  of  china  clay  has  been  found,  the  overburden 
is  removed  and  usually  two  shafts  are  sunk  ;  one  of  these  is  as 
close  as  possible  to  the  edge  of  the  deposit  and  is  known  as  the 
permanent  shaft,  the  other  is  sunk  in  the  centre  of  the  deposit 
and  is  known  as  the  "  rise,"  partly  because  it  is  often  not  sunk 
from  the  top  ;  but  the  permanent  shaft  is  first  sunk  and  then  a 


Fig,  11. — China-clay  works. 

drift  is  dug  to  the  centre  of  the  deposit  and  the  centre  shaft  dug 
out  from  the  bottom  ]  in  any  case,  whether  the  rise  is  sunk  from 
above  or  dug  out  from  below,  a  drift  or  horizontal  shaft  connects 
it  with  the  permanent  shaft.  The  size  of  these  shafts  varies  in 
different  places,  but  it  is  not  necessary  that  they  should  be  of 
large  dimensions  ;  the  rise  in  particular  need  not  be  any  larger 
than  can  comfortably  be  excavated. 

The  permanent  shaft  is  fitted  with  pumps,  the  use  of  which 
will  be  seen  presently. 

The  rise  is  fitted  with  a  square  wooden  pipe  of  9-inch  side 
and  long  enough  to  reach  from  the  top  of  the  rise  to  the 
horizontal  drift  at  the  bottom.  In  one  side  of  this  tube  is  a 
number  of  holes  about  4  inches  in  diameter  and  at  a  distance  of 
1  foot  from  centre  to  centre ;  before  placing  in  position  these 
holes  are  stopped  up  by  plugs  known  as  "  buttons,''  and  the  tube 
itself  is  known  as  the  "button-hole  launder' launder  "  being  a 
local  term  to  signify  any  tube  or  trough  through  which  liquors 
or  materials  can  flow.    After  the  button-hole  launder  is  placed 
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in  position  in  the  rise  all  the  space  between  it  and  the  sides  of 
the  rise  is  filled  up  with  clay  pressed  down  rather  tightly. 

One  essential  feature  of  china-clay  works  must  be  a  plentiful 
supply  of  water;  without  this  it  cannot  be  profitably  carried  on, 
and  the  source  of  supply  should  be,  if  possible,  above  the  works, 
so  that  it  may  be  supplied  to  any  part  by  the  aid  of  gravity 
alone ;  if  it  be  on  a  level  or  below  the  works,  then  pumping 
becomes  a  necessity,  and  this  should  be  avoided  whenever  pos- 
sible, as  it  is  a  source  of  expense  which  reduces  the  profit  of 
working  the  deposit. 

A  china-clay  works  is  shown  in  Fig.  11,  in  which  the  relative 
position  of  the  clay  deposit  with  the  surrounding  rocks  is  shown, 
with  the  overburden,  the  permanent  shaft,  the  button-hole 
launder,  and  the  pumping  house. 

The  deposit  of  china  clay  is  worked  in  the  following  manner: — 
The  overburden  is  removed  and  then  a  current  of  water  is 
directed  against  the  sides,  known  at  the  works  as  the  "  stopes of 
the  deposit;  naturally  these  currents  of  water  will  wash  the  china 
clay,  (fee,  to  the  lowest  part,  which  is  the  centre  of  the  deposit. 
At  the  bottom  of  the  stopes  is  arranged  a  hollow  or  sand  pit ;  in 
this  the  sand  or  quartz  collects,  and  is  removed  from  time  to  time 
by  means  of  a  sand  waggon  which  is  hauled  up  the  sides  of  the  clay 
pit  on  an  inclined  tramway  by  means  of  a  windlass  driven  by  the 
engine.  The  clay  along  with  the  mica  flows  through  the  topmost 
hole  in  the  button-hole  launder  into  the  horizontal  drift  at  the 
bottom,  from  thence  it  passes  into  the  permanent  shaft,  from 
which  it  is  again  pumped  to  the  surface  to  be  treated  in  the 
manner  presently  to  be  described.  As  the  level  of  the  china-clay 
deposit  descends,  the  buttons  in  the  launder  are  removed  until, 
finally,  when  all  the  clay  is  worked  out,  the  bottom  of  the 
deposit  is  reached,  and  with  it  the  last  hole  in  the  launder.  The 
length  of  time  required  to  work  out  a  deposit  depends  entirely 
on  its  extent,  which  may  be  small  or  large ;  the  deposits,  as  a 
rule,  are  large  and  take  some  years  to  work  out. 

The  crude  clay  as  it  comes  from  the  pits  or  stopes  is  still 
impure  ;  it  contains  much  fine  sand  or  quartz,  most  of  the  mica 
(which  does  not  separate  so  readily  out  of  the  clay  as  the  sand 
does),  together  with  undecomposed  particles  of  felspar  ;  from 
these  it  requires  to  be  separated ;  this  is  done  by  a  process  of 
levigation  by  means  of  water.  In  early  times  when  the  clay  was 
first  worked  this  was  done  in  a  crude  form,  usually  in  a  series 
of  tubs,  but  now  a  better  system  is  adopted,  which  is  shown  in 
Fig,  12. 

From  the  button-hole  launder  the  water  containing  the  clay, 
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sand,  mica,  &o.,  is  pumped  into  a  series  of  troughs  of  wood, 
generally  known  as  launders these  are  long  and  wide;  across 
these  at  intervals  are  placed  a  number  of  pieces  of  wood,  called 
the  drags,"  which  serve  to  impede  the  flow  of  the  water,  and 
cause  it  to  form  a  series  of  pools,  in  which  the  heavier  particles 
of  sand  can  collect.  These  launders  are  emptied  of  the  sand 
which  accumulates  in  them  from  time  to  time,  so  as  to  ^ve 


Fig.  12. — China-clay  works. 

plenty  of  room  for  the  sand  to  deposit.  From  the  launders  the 
water,  with  the  clay  and  mica,  passes  on  to  what  are  called  the 
"  micas,"  an  ingenious  arrangement  for  promoting  the  deposition 
of  the  light  and  flaky  pieces  of  mica.  The  micas  are  a  series  of 
troughs  20  feet  long,  2  feet  wide,  and  6  inches  deep,  placed  side 
by  side  in  a  peculiar  manner.   The  clayey  water  from  the  launders 
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first  passes  into  two  of  these,  then  from  these  into  three,  then 
again  into  four,  and,  finally,  into  six  of  these  mica  troughs ; 
thus  as  it  passes  to  the  exit  end  the  flow  of  water  is  spread  over 
a  larger  surface,  and  becomes  more  feeble,  a  condition  which 
facilitates  the  deposition  of  the  mica.  The  micas  get  filled  in 
about  eight  hours,  when  they  are  flushed  of  their  contents  with 
water,  which  carries  the  deposited  mica  through  suitable  channels 
into  the  waste  mica  pits. 

Next  in  order  to  the  micas  is  a  set  of  settling  pits.  These  are 
usually  three  in  number,  sometimes  more,  according  to  the 
quantity  of  clay  which  is  being  worked.  These  pits  may  be  of 
any  shape,  but,  as  a  rule,  they  are  made  circular  (or  rather 
cylindrical)  in  form,  7  feet  in  diameter,  and  40  feet  deep.  'Into 
one  of  these  pits  the  clayey  water  from  the  micas  is  run  until  it 
is  full,  when  the  current  is  changed  and  the  water  run  into  the 
second  one  until  it  is  full.  While  the  filling  of  the  second  pit 
is  proceeding,  the  clay  in  the  first  one  is  settling,  and,  probably, 
by  the  time  that  the  second  is  quite  full,  has  completely  settled. 
The  current  of  clayey  water  from  the  micas  is  now  diverted  into 
the  third  pit,  while  the  clay  in  the  second  one  is  settling.  The 
water  in  the  first  pit  is  now  run  or  pumped  off*,  and  is  generally 
used  over  again  for  washing  the  clay  from  the  stopes.  From  a 
pit  full  of  clayey  water  there  will  usually  be  obtained  a  deposit 
of  clay  about  5  feet  in  depth,  which  still  contains  a  large  pro- 
portion of  water;  in  such  a  thickness  of  clay,  and  7  feet  in 
diameter,  there  will  be  something  like  285  tons  of  dry  clay.  The 
clay  in  the  first  pit  is  dug  out  and  thrown  into  w^hat  are  called 
clay  tanks,  where  a  further  settling  takes  place ;  when  all  the 
clay  has  been  dug  out  the  pit  is  ready  to  be  filled  again  with 
water  from  the  micas.  This  alternation  of  filling,  settling,  and 
emptying  is  carried  out  with  the  three  pits  in  succession,  so  that 
it  will  be  seen  that  for  continuous  working  a  series  of  not  less 
than  three  pits  is  required ;  if  more  pits  are  used,  then  the  time 
of  settling  can  be  lengthened,  which  would  have  the  advantage 
of  giving  a  drier  clay  and  shortening  the  subsequent  operations. 

From  the  settling  pits  the  still  wet  clay  passes  to  the  settling 
or  clay  tanks  ;  these  are,  at  least,  three  in  number,  corresponding 
with  the  three  settling  pits ;  in  some  works  there  are  more;  much, 
of  course,  depends  upon  the  quantity  of  clay  it  is  desired  to  turn 
out.  These  settling  tanks  are  usually  rectangular  in  shape,  about 
60  feet  long  by  7  feet  wide  and  6  feet  deep,  and  they  will  hold 
about  1000  tons  of  clay ;  in  these  tanks  settling  occurs,  and  the 
clay  begins  to  assume  the  consistency  of  lard  ;  when  this  happens 
no  more  clay  is  sent  into  it  frora  the  pits,  and  the  clay  in  the 
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tank  is  allowed  to  settle.  The  water  is  then  run  off,  and  the 
clay  transferred  to  the  drying  place,  where  it  is  dried  ready  for 
sale. 

The  clay  in  the  clay  tanks  contains  about  50  per  cent,  of  water, 
most  of  which  must  be  driven  off  before  the  clay  is  marketable. 
This  drying  operation  is  done  on  a  series  of  flues,  technically 
known  as  the  '*dry;"  a  usual  size  is  60  feet  long  by  13 J  feet 
wide.  In  this  kiln  or  dry  there  will  be  three  fireplaces,  two  at 
one  end,  and  one  at  the  other,  each  fireplace  having  three  flues 
about  9  inches  wide  ;  the  sides  are  formed  of  brickwork,  but  the 
bottom  is  usually  made  of  sand,  partly  because  sand  is  a  bad 
conductor  of  heat,  and  partly  because  any  water  which  may 
drain  through  from  the  top  of  the  flue  readily  sinks  into  it  and 
drains  away.  The  tops  of  the  flues  forming  the  bed  of  the  dry 
is  made  of  fireclay  bricks  about  18  inches  wide.  On  these  fire- 
clay bricks  the  wet  clay  from  the  tanks  is  thrown,  and  it  remains 
until  it  is  dry.  It  takes  about  1  ton  of  coal  to  dry  10  tons  of 
clay. 

After  being  dried  on  the  dry  the  clay  is  thrown  on  the  floor 
of  the  clay  linhay,  which  is  a  storage  place  for  the  dry  clay,  from 
whence  it  is  sent  out  as  required. 

The  dry  and  the  linhay  are  parts  of  one  large  room,  being 
covered  over  with  a  roof,  as  is  seen  in  the  drawing  (Fig.  12). 

COMPOSITION  AND  PROPERTIES  OF  CHINA 
CLAY. — China  clay  is  essentially  a  hydrated  silicate  of  alu- 
mina, as  has  been  already  stated ;  but  there  are  some  minor 
difterences  in  the  composition  of  samples  from  various  localities, 
as  will  be  seen  on  examining  the  table  given  on  p.  81 ;  these 
ai'e,  of  course,  primarily  due  to  differences  in  the  composition  of 
the  granite  from  which  the  china  clay  has  been  formed,  and, 
secondarily,  to  the  degree  with  which  the  decomposition  has 
proceeded. 

China  clay,  or  kaolin,  is  a  fine,  white,  amorphous  powder 
having  slight  adhesive  properties  and  adhering  to  the  fingers 
when  moist. 

It  is  light,  its  specific  gravity  being  about  2*2;  so  that  it  is 
the  lightest  of  all  the  white  pigments.  The  best  qualities  have 
a  very  soft  unctuous  feel ;  the  common  qualities  are  rather 
rougher,  but  none  have  the  slightest  trace  of  grittiness  about 
them.  The  best  qualities  have  a  pure  white  tint,  others  a  more 
or  less  yellowish  tint,  which  the  china-clay  makers  are  accus- 
tomed to  disguise  by  adding  a  small  quantity  of  ultramarine. 

It  is  quite  insoluble  in  water,  dilute  acids,  and  alkalies. 
Boiling  in  strong  sulphuric  acid  for  some  time  decomposes  it 
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with  the  formation  of  a  gelatinous  residue  of  silica  and  a  solu- 
tion of  alumina  sulphate.  Hydrochloric  acid  has  little  action 
on  it. 

As  a  pigment  it  is  quite  permanent,  resisting  perfectly 
exposure  to  the  atmosphere  and  to  light  for  any  length  of 
time.  As  a  pigment  it  is  not,  however,  much  used.  In  oil  it 
loses  its  body  and  becomes  more  or  less  transparent.  It  can  be 
used  in  water-colours  and  in  distemper  work  with  good  results, 
and  it  is  used  in  paper-making  and  paper-staining.  It  also 
finds  a  use  in  the  preparation  of  the  aniline  lakes,  especially 
when  these  are  to  be  used  in  paper-staining. 

Its  principal  uses  are  for  making  pottery,  ultramarine,  finish- 
ing cotton  cloths,  making  paper,  &c. 

ASSAY  AND  ANALYSIS  OP  CHINA  CLAY.— China 
clay  can  be  assayed  for  colour  or  tint,  covering  power,  (fee, 
by  the  methods  given  below.  An  analysis  is  rarely  wanted, 
since  it  is  never  adulterated,  while  for  all  pigment  purposes 
absolute  chemical  purity  is  not  required. 

WILKINSON'S  WHITE  LEAD  AND  PATTINSON'S 
WHITE  LEAD  are  oxychlorides  of  lead  prepared  in  various 
ways;  neither  pigment  is  now  used. 

Wilkinson's  white  was  patented  in  1799,  and  is  made  by 
digesting  litharge  with  a  solution  of  salt  until  it  acquires  a 
pure  white  colour.  Unfortunately,  as  it  is  the  product  of  various 
operations,  there  is  a  lack  of  uniformity  in  its  composition,  which 
is  much  against  its  use  as  a  commercial  article.  Another  method 
of  making  it  is  to  precipitate  acetate  of  lead  with  hydrochloric 
acid,  and  to  digest  the  precipitate  of  lead  chloride  obtained  with 
basic  lead  acetate. 

Pattinson's  lead  was  made  by  treating  chloride  of  lead  with 
lime,  when  it  forms  the  basic  chloride,  a  white  insoluble  body 
having  a  fair  body,  but  wanting  in  uniformity  of  composition. 

In  Chapter  X.,  dealing  with  the  assaying  of  pigments,  will  be 
found  some  figures  relating  to  the  comparative  value  of  the  most 
important  white  pigments. 

ALUMINA. 

Alumina  in  an  anhydrous  condition  is  the  oxide  of  the  metal 
aluminium,  and  has  a  composition  indicated  by  the  formula  AlgOgj 
in  a  hydrated  condition  it  is  the  hydroxide  of  the  same  metal, 
and  its  composition  is  then  indicated  by  the  formula  AlgHg  Og. 
As  a  white  pigment  alumina  is  not  used  alone,  but  it  enters  into 
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the  composition  of  other  white  pigments,  such  as  blanc  fixe, 
calcium  sulphate,  whiting,  and  satin  white  (p.  84),  for  which 
reason  it  is  mentioned  here.  It  also  enters  into  the  composition 
of  many  lakes,  especially  the  coal-tar  lakes  (which  see). 

Alumina  is  always  prepared  as  a  pigment  in  the  hydrated 
condition,  as  hydroxide,  by  precipitation.  The  two  chief 
aluminium  compounds  used  are  alum  and  aluminium  sulphate; 
the  former  is  a  crystallised  double  sulphate  of  aluminium  and 
potash,  having  the  formula  Kg  S  0^  Alg  3  S  O4,  24  Hg  O,  and 
yielding  16*5  per  cent,  of  its  weight  of  aluminium  hydroxide. 
Aluminium  sulphate  has  the  formula  Alg  3  S  O^,  18  Hg^? 
yields  23*5  per  cent,  of  its  weight  of  aluminium  hydroxide. 

From  these  salts  the  aluminium  hydroxide  is  obtained  by 
precipitation  with  (1)  caustic  soda,  (2)  ammonia,  and  (3)  sodium 
carbonate.  The  addition  of  caustic  soda  precipitates  the 
aluminium  hydroxide  directly  as  a  transparent  gelatinous  pre- 
cipitate, which,  with  excess  of  the  precipitant,  dissolves  to  form 
sodium  aluminate ;  the  precipitate  retains  the  alkali  so  energeti- 
cally that  it  is  difficult  to  wash  it  free  from  alkali.  On  drying, 
the  aluminium  hydroxide  dries  to  a  horny  transparent  mass 
which  is  useless  as  a  pigment.  Ammonia  also  precipitates  the 
hydroxide  directly  from  the  aluminium  salts,  but  the  precipitate 
is  not  soluble  in  excess  of  the  precipitant.  It  is  gelatinous  and 
transparent,  drying  to  a  horny  mass. 

On  account  of  the  character  of  the  precipitate,  neither  caustic 
soda  nor  ammonia  is  available  to  precipitate  alumina  when  it 
is  required  for  use  in  a  pigment.  With  sodium  carbonate  the 
alumina  is  not  precipitated  directly,  but  a  secondary  reaction  sets 
in ;  carbonic  acid  gas  is  evolved,  and,  by  reaction  with  the  water 
present,  aluminium  hydroxide  is  formed,  which  is  precipitated 
in  the  form  of  a  white  granular  precipitate,  a  condition  which  it 
maintains  on  drying.  It  has  no  great  covering  power  as  all 
pigment  colours  containing  alumina  are  more  or  less  transparent ; 
they  are,  however,  somewhat  intense  and  possess  strong  staining 
or  tinting  powers. 

100  parts  of  alum  will  require  3*35  parts  of  sodium  carbonate 
(58  per  cent,  ammonia)  for  precipitation,  or  90*4  parts  of  soda 
crystals.  100  parts  of  aluminium  sulphate  require  47*6  parts  of 
sodium  carbonate  (58  per  cent,  ammonia),  or  128  parts  of  soda 
crystals. 

The  precipitation  may  be  effected  in  wooden  vessels,  but  these 
must  be  large  and  only  from  one-fourth  to  one-third  filled, 
because  the  evolution  of  the  carbonic  acid  causes  a  considerable 
effervescence  and  foaming.    The  solutions  must  not  be  stronger 
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than  I  lb.  of  alum  per  gallon.  It  is  usual  to  precipitate  in  hot 
solutions  at  180°  to  190°  F. ;  after  precipitation  the  mass  is 
allowed  to  settle,  the  clear  liquid  runs  away,  clean  warm  water 
is  poured  on  to  remove  any  excess  of  alkali  and  the  sodium 
sulphate  that  has  been  formed  as  a  lye-product  of  the  operation 
— a  proceeding  by  no  means  easy  to  do  thoroughly,  but  which  is 
important,  as  if  any  alkali  or  sodium  sulphate  be  left  in  they 
would  effect  the  properties  of  the  pigment  on  drying. 

After  washing,  the  precipitate  is  drained  or  filtered.  When 
required  for  use  in  making  the  coal-tar  colour  lakes  the  alumina 
need  not  be  dried,  but  can  be  used  at  once. 

It  is  important  that  iron  be  absent  from  the  aluminium  salts 
used,  as  this  iron  is  also  precipitated  with  the  alumina  and 
imparts  to  it  a  cream  or  reddish  tint.  Moreover,  when  present, 
it  has  a  dulling  effect  on  lakes  made  with  alumina  containing  it. 
Alum  is  more  likely  to  be  free  from  iron  than  is  aluminium 
sulphate. 

Alumina  or  aluminium  hydroxide  when  dried  at  a  low  heat 
is  a  soft  white,  granular  powder,  insoluble  in  water  and  in 
ammonia ;  soluble  in  caustic  soda,  hydrochloric  acid,  sulphuric 
acid,  and  acetic  acid  without  effervescence.  On  adding  ammonia 
to  the  acid  solutions  the  alumina  is  reprecipitated  as  a  trans- 
parent, gelatinous  mass. 

On  strongly  heating  the  hydroxide  it  loses  water  and  becomes 
changed  to  the  oxide,  alumina,  Alg  O3,  which  is  not  soluble  in 
caustic  soda  and  only  soluble  with  some  difficulty  in  strong 
hydrochloric  acid. 
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CHAPTER  IIL 

RED  PIGMENTS. 

This  is  a  fairly  numerous  and  important  class  of  painters'  colours. 
They  are  derived  from  both  inorganic  and  organic  sources,  and 
include  some  of  the  most  highly  valued  and  most  used  of  the 
pigments  at  the  disposal  of  the  painter  and  artist. 

VERMILION. 

Vermilion  has  been  used  for  a  long  time  as  a  pigment.  It 
is  a  compound  of  mercury  and  sulphur  in  the  proportion  of 
200  parts  of  the  former  to  32  of  the  latter;  its  chemical  name  is 
mercuric  sulphide,  and  it  has  the  formula,  Hg  S.  It  is  found 
naturally  in  large  quantities  as  the  mineral  cinnabar,  especially 
in  Spain ;  but  it  rarely  occurs  naturally  of  sufficient  brightness 
to  be  used  as  a  pigment,  and  is,  therefore,  mostly  made  artificially. 
When  a  current  of  sulphuretted  hydrogen  is  passed  through  a 
solution  of  a  mercuric  salt  a  black  precipitate  of  the  mercuric 
sulphide,  identical  in  composition  with  vermilion,  is  obtained  ; 
this  precipitate  is  characterised  by  being  insoluble  in  most  single 
acids,  but  soluble  in  a  mixture  of  hydrochloric  and  nitric  acids. 
By  heat  it  is  volatilised,  and  the  sulphide  sublimes  in  the  form 
of  a  red  powder ;  this  transformation  from  black  to  red  can  also 
be  brought  about  by  boiling  it  for  some  time  with  aqueous  solu- 
tions of  the  caustic  alkalies  or  of  alkaline  sulphides.  What  the 
cause  of  the  change  may  be  is  rather  uncertain ;  probably  there 
has  been  a  re-arrangement  of  the  atoms  in  the  molecule  of  mer- 
curic sulphide  ;  there  are  many  cases  known  of  similar  differences 
in  the  colour  of  inorganic  compounds,  as,  for  example,  cadmium 
sulphide  and  basic  chromate  of  lead.  Although  it  is  generally 
considered  that  the  molecule  of  each  of  these  poly-coloured 
bodies  is  always  made  up  of  the  same  number  of  atoms,  yet 
there  is  no  direct  evidence  on  that  point ;  and  it  is  quite 
possible  that  in  the  different  modifications  of  these  bodies  the 
number  of  atoms  may  vary  and,  therefore,  be  arranged  dif- 
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ferently.  This  subject  requires  further  investigation  before  the 
point  can  be  definitely  decided. 

MANUFACTURE  OP  VERMILION. — Vermilion  can  be 
made  both  by  dry  and  wet  methods ;  the  former  are  those 
mostly  used  ;  the  latter  are  employed  in  some  places  but  not  to 
the  extent  of  the  dry  methods.  The  product  is  not  quite  equal, 
although  very  little  inferior  to  that  made  by  the  dry  methods. 
The  Chinese  have  long  been  renowned  as  makers  of  vermilion ; 
although  their  product  is  not  any  finer  or  more  brilliant  in  tone 
than  that  made  in  Europe.  Until  lately,  the  process  by  which 
Chinese  vermilion  was  made  was  not  known  with  certainty, 
although  it  was  conjectured  that  the  wet  method  was  used,  and, 
consequently,  this  method  is  usually  described  in  text-books  as 
"  The  Chinese  method  ; "  but  this  is  now  known  to  be  erroneous, 
and  that  Chinese  vermilion  is  made  by  a  process  very  little 
different  from  that  used  in  Europe.  The  difference  in  quality 
almost  entirely  arises  from  the  greater  care  the  Chinaman  takes 
in  making  it. 

DRY  METHODS— 1st.  Dutch  Process.  —  This  is  the 
method  commonly  vised  for  making  vermilion.  It  is  conducted 
in  two  stages.  In  the  first  stage  108  lbs.  of  mercury  are  mixed 
with  15  lbs.  of  sulphur  in  a  shallow  iron  pot;  this  is  usually 
placed  over  a  furnace  so  that  a  gentle  heat  may  be  applied ;  the 
two  bodies  gradually  combine  together  to  form  a  black  sulphide 
of  mercury  or  ^'ethiops"  as  it  is  called,  the  union  being  pro- 
moted by  a  continual  stirring  with  an  iron  spatula.  When  the 
combination  is  considered  by  the  workman  to  be  complete,  the 
iron  pot  is  emptied  of  its  contents  into  a  store  pot  and  a  fresh 
mixing  is  made.  The  ^'ethiops^'  contains  some  free  mercury, 
free  sulphur,  as  well  as  sulphide ;  the  proportions  will  vary 
according  to  the  length  of  time  the  operation  has  been  continued, 
the  heat  applied,  &c. 

The  second  stage  consists  in  heating  black  ethiops  in  a  suitable 
furnace,  whereby  it  is  converted  into  the  red  vermilion.  A 
number  of  simple  furnaces  or  fireplaces  are  built  side  by  side 
to  form  a  range ;  in  each  of  these  fireplaces  is  placed  a  cylin- 
drical earthenware  pot,  so  arranged  that  the  lower  two-thirds 
of  the  pot  are  in,  while  the  upper  third  is  outside  the  furnace. 
The  pots  are  fitted  with  a  closely-fitting  iron  lid,  in  the  centre 
of  which  is  a  small  charging  hole.  The  fire  in  the  fireplace 
is  lighted,  and,  when  the  pot  has  been  heated  to  a  red  heat, 
a  small  quantity  of  the  black  ethiops  obtained  in  the  first  stage 
is  charged  into  the  pot];  nlHc!:^  of  the  ^^uiphur  in  the  ethiops 
burns  off;  when  there  is  no  further  arpec.rance  oi  sulpha t^  fumje^ 
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from  the  pot  more  ethiops  is  added;  these  additions  are  con- 
tinued at  intervals  for  thirty-six  hours,  the  cover  being  kept  on 
during  the  whole  of  the  operation ;  then  the  pots  are  allowed  to 
cool  down ;  when  cold  the  cover  is  removed  and  the  vermilion  is 
found  as  a  crust  on  the  under  side  of  the  cover  and  around  the 
sides  of  the  upper  portion  of  the  pot.  This  crust  is  carefully- 
removed,  the  red  portions  being  placed  on  one  side  for  further 
treatment,  while  any  black,  unchanged  portions  are  mixed  with 
some  fresh  ethiops  to  be  again  heated.  The  red  vermilion 
is  now  ground  up  as  fine  as  possible  with  water;  if  not  of 
sufficiently  brilliant  colour  it  may  be  treated  either  with  acids 
or  alkalies  as  is  described  below,  well  washed  with  water, 
allowed  to  settle  out  of  the  wash  waters,  dried  at  a  gentle  heat 
and  sent  into  the  market  ready  for  use. 

2nd.  Chinese  Method. — A  few  years  ago  a  description*  of 
the  process  used  by  the  Chinese  for  the  preparation  of  vermilion 
appeared  in  several  journals,  and  at  the  Colonial  and  Indian 
Exhibition  held  in  1886  there  was  shown  in  the  Hong  Kong 
Court  a  Model  of  a  Chinese  vermilion  factory.  Like  the  Dutch 
method,  the  Chinese  process  is  in  two  stages,  and  is  carried  out 
as  follows : — 

An  iron  pan,  measuring  25  inches  in  diameter  and  6  inches 
deep,  is  placed  over  a  charcoal  fire;  into  this  pan  is  placed 
lbs.  of  sulphur  and  37^  lbs.  of  mercury;  heat  is  applied,  and 
the  mixture  stirred  until  the  materials  melt  and  become  amal- 
gamated together ;  then  37 lbs.  more  mercury  are  added,  and 
the  heating  and  stirring  continued  until  the  two  bodies  have 
become  united.  The  pot  is  now  removed  from  the  fire  and 
water  added  in  sufficient  quantity  to  form  a  paste,  which  has 
a  blood-red  colour;  the  Jirst  stage  of  the  process  is  now  com- 
plete. 

Second  Stage. — The  crude  vermilion  obtained  in  the  first 
stage  is  broken  up  into  small  pieces  and  placed  in  iron  pans 
measuring  29^  inches  in  diameter  and  8|^  inches  deep ;  on  the 
top  of  the  vermilion  is  placed  a  number  of  broken  pieces  of 
porcelain  plates  arranged  in  the  form  of  a  dome ;  over  all  is 
placed  the  pan  used  in  the  first  stage,  the  two  pans  being  luted 
together  with  clay,  and  a  few  vent  holes  left  in  the  luting.  The 
pans  are  placed  on  a  furnace,  which  is  constructed  in  a  simple 
manner ;  usually  a  number  are  built  side  by  side.  The  pans  are 
heated  for  18  hours  at  a  dull  red  heat,  after  which  they  are 
allowed  to  cool  down ;  when  cold„  the  pans  are  opened,  when 

'  *:Oil  and-  i'Jclourmdn^i  JourctdJ,,  l&^«p  86.    Chemical  News,  1884,  vol. 
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the  vermilion  is  found  as  a  red  sublimate  on  the  under  side  of 
the  porcelain  plates  and  the  upper  pan ;  this  red  mass  is 
collected  and  transferred  to  another  place  for  the  finishing 
operation.  The  crude  vermilion  which  has  been  scraped  off 
the  porcelain  plates  is  now  ground  as  finely  as  possible  with 
water  in  a  mortar ;  the  ground  colour  is  next  mixed  with  water 
in  which  alum  and  glue  in  the  proportions  of  1  oz.  of  each  in  a 
gallon  of  water  have  been  dissolved,  and  allowed  to  stand  for 
a  day ;  it  settles  down  and  is  found  as  a  cake  at  the  bottom  of 
the  vessel,  which  is  made  of  earthenware,  and  has  a  capacity 
of  6  gallons.  The  top  of  the  cake  is  of  fine  quality ;  this  is 
separated  from  the  bottom  portion,  which  is  re-ground  np  with 
the  next  batch  ;  sometimes  the  top  portion  is  re-ground.  After 
being  washed  well  with  clean  water,  the  finely-ground  vermilion 
is  dried  and  then  packed  up  ready  for  sale. 

WET  METHODS — 1st.  Common  Method.— In  making 
vermilion  by  this  method  68  lbs.  of  sulphur  and  300  lbs. 
of  mercury  are  mixed  and  ground  together  until  they  are 
thoroughly  incorporated  ;  they  are  then  added  to  a  solution 
of  160  lbs.  of  caustic  potash  in  water,  placed  in  iron  pots  and 
heated  to  a  temperature  of  45°  C,  which  is  maintained  for  some 
hours.  For  the  first  two  hours  the  water  lost  by  evaporation  is 
made  good,  but  after  this  no  further  addition  is  made,  and  the 
mass  is  kept  constantly  stirred.  After  some  time  the  mass, 
which  has  at  first  a  blackish  appearance,  turns  brown  and  then 
gradually  passes  into  red ;  when  it  is  considered  that  the  colour 
is  fully  developed  the  mixture  is  removed  from  the  fire,  well 
washed  in  water  and  dried.  This  process  requires  careful 
watching.  With  care  and  attention  the  product  is  equal  in 
quality  to  that  made  by  the  dry  method. 

2nd.  Pirmenich.  Process. — The  process  described  by  Fir- 
menich  *  consists  in  taking  10  parts  of  mercury  and  agitating 
them  with  2  parts  of  sulphur  and  4J  parts  of  potassium  penta- 
sulphide  (prepared  by  heating  potassium  sulphate  with  charcoal) 
and  boiling  the  residue  with  excess  of  sulphur  for  three  to  four 
hours,  when  it  takes  a  brown  colour ;  it  is  then  kept  at  a 
temperature  of  45°  to  50°  C.  for  three  to  four  days,  being 
agitated  at  intervals  during  that  period ;  it  is  next  treated  with 
water,  then  with  a  weak  lye  of  caustic  soda  (to  free  it  from  excess 
of  sulphur),  washed  thoroughly  and  dried. 

In  these  wet  processes  it  is  important  that  care  be  taken  not 
to  heat  the  mixtures  of  mercury,  sulphur,  and  alkali  to  too  high 
a  temperature ;  from  45'  to  50°  C.  is  high  enough.    Time,  not 


*  Chemical  News,  vol.  v.,  1862,  p.  247. 
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heat,  seems  to  be  the  most  important  element  to  consider  in  these 
processes  ;  too  great  a  heat  turns  the  vermilion  brownish. 

The  brilliancy  or  fire,  as  it  is  sometimes  called,  of  the  vermilion 
may  be  increased  during  manufacture  by 

1  st,  Grinding  very  fine  and  levigating  ; 

2nd,  By  warming  with  a  caustic  soda  lye ; 

3rd,  By  treatment  with  nitric  acid ; 

4th,  By  treatment  at  about  50°  C.  with  a  mixture  of  the 
caustic  and  sulphide  of  potash  ;  and 

5th,  By  treatment  with  hydrochloric  acid. 

Any  of  these,  or  a  combination  of  them,  may  be,  and  are,  used 
for  this  purpose. 

PROPERTIES  OP  VERMILION".— Vermilion  is  a  very 
bright  scarlet  powder.  It  is  the  heaviest  pigment  known, 
its  specific  gravity  being  8*2,  which  causes  it  to  settle  readily  out 
of  paints,  &c.,  in  which  it  is  used,  and  renders  its  application 
somewhat  troublesome.  It  is  very  opaque,  and,  consequently, 
nas  great  covering  power  or  body.  It  is  quite  insoluble  in 
water,  alkalies,  and  any  single  acid,  but  a  mixture  of  nitric  and 
hydrochloric  acids  dissolves  it  with  the  formation  of  a  colourless 
solution  of  mercuric  chloride ;  as  a  rule,  very  few  substances  are 
capable  of  acting  on  vermilion. 

Heated  in  a  tube  out  of  contact  with  air,  vermilion  first 
turns  brown,  then  sublimes  in  the  form  of  a  red  sublimate. 
Heated  in  contact  with  air,  vermilion  burns  with  a  pale  blue, 
lambent  flame,  giving  off  vapours  of  sulphur  dioxide  and  mercury 
oxide ;  if  pure,  there  will  be  but  a  trace  of  ash  left ;  thus  a 
sample  of  good  vermilion  analysed  by  the  author  contained 


This  forms  a  reliable  test  for  the  adulteration  of  mercury,  for 
any  adulterant  which  may  be  used  will  be  left  behind  on  heating. 
The  usual  adulterants  employed  are  red  lead,  oxide  of  iron,  red 
lakes,  vermilionettes,  &c.  The  presence  of  any  of  these  is  easily 
ascertained  by  the  application  of  the  characteristic  tests,  which 
will  be  found  described  under  each  particular  pigment. 

When  used  as  an  oil-colour  vermilion  is  permanent ;  when  used 
as  a  water-colour  it  is  generally  considered  to  be  permanent,  but 
the  experiments  recently  made  by  Capt.  Abney  and  Dr.  Russell 
throw  some  doubt  on  this  point ;  they  found  that  vermilion  used 
as  a  water-colour  turned  brown  after  two  years  exposure  to  light 
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and  air,  probably  owing  to  an  intermolecular  change ;  much 
appears  to  depend  on  the  care  with  which  the  vermilion  has 
been  made. 

RED  LEAD. 

This  valuable  red  pigment  has  been  known  and  used  for  a 
very  long  time.  Pliny,  in  his  writings,  describes  this  body, 
which  in  his  time  was  known  as  minium,  under  which  name 
it  is  also  frequently  referred  to  in  later  writings.  Pliny  also 
mentions  its  use  for  adulterating  vermilion.  Davy,  who  had 
an  opportunity  of  examining  the  contents  of  some  pots  of  colour 
found  in  the  remains  of  Koman  and  Greek  cities,  frequently 
found  red  lead  among  them.  How  it  was  made  by  the  ancients 
is  not  definitely  recorded. 

MANUFACTURE  OP  RED  LEAD.— There  is  only  one 
process  for  making  red  lead,  which  consists  of  two  stages — the 


Fig.  13. 


first  stage  has  for  its  object  the  conversion  of  metallic  lead 
into  monoxide  of  lead;  in  the  second  stage  this  oxide  is 
converted  into  red  lead. 

1st  Stage,  Drossing. — This  is  conducted  in  what  is  called  the 
drossing  oven,"  a  kind  of  reverberatory  furnace  of  which  Figs.  13 
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and  14  show  respectively  the  longitudinal  and  transverse  sections. 
From  these  drawings  it  will  be  seen  that  it  is  a  low  oven,  open 
only  in  front,  over  which  is  constructed  a  hood  and  chimney 
to  carry  off  the  products  of  combustion,  &c.,  from  the  furnace. 
The  bed  usually  measures  about  1 1  feet  by  12  feet  4  inches,  and  is 
divided  (as  shown)  into  three  divisions — the  central  one 
measures  8  feet  4  inches  wide,  and  constitutes  the  bed  or 
hearth  of  the  furnace,  while  the  two  side  divisions  measure 
about  2  feet  each,  and  form  the  fireplaces  of  the  oven,  as  a 


Fig.  14. 


rule,  they  are  not  fitted  with  firebars  ;  the  partitions  between  the 
fireplaces  and  hearth  are  formed  of  firebrick ;  the  bed  of  the 
furnace  is  made  to  slope  from  the  back  to  the  front,  usually  the 
back  is  about  7  inches  higher  than  the  front,  while  it  also  slopes 
slightly  from  the  side  to  the  centre.  In  the  front  of  the  furnace 
are  three  doors — the  two  side  ones  are  for  feeding  the  fires, 
while  the  centre  one  serves  for  introducing  and  extracting  the 
material,  and  for  working  the  charge  while  in  the  furnace ;  it 
is  placed  a  little  higher  than  the  two  side  doors  so  that  a 
draught  is  generated  through  the  latter  and  out  of  the  centre 
door  j  in  the  top  of  this  door  an  opening  is  left  so  that  the 
products  of  combustion,  &c.,  can  pass  out  and  up  the  chimney. 

This  furnace  is  open  to  improvement,  and  an  improved  form 
is  shown  in  Fig.  15,  from  which  it  will  be  seen  that  this  form  of 
furnace  has  firebars  fitted  to  the  fireplaces. 

The  operation  of  drossing  is  carried  out  in  the  following 
manner  : — 22  cwts.  of  lead,  which  is  the  quantity  usually  dealt 
with  in  one  charge,  are  placed  in  the  furnace,  which  is  now 
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raised  to  a  dull  red  heat,  joist  enough  to  melt  the  lead,  the 
molten  lead  being  prevented  from  flowing  out  of  the  furnace 
by  the  construction  of  a  dam,  formed  of  pieces  of  di^oss  or 
leanings "  from  previous  workings,  across  the  front  of  the 
hearth ;  the  melted  lead  rapidly  becomes  coated  with  a  layer  of 


Fig.  15. 


oxide,  the  formation  of  which  is  hastened  by  rabbling  the  lead 
and  pushing  the  oxide  as  it  is  formed  to  the  back  of  the  furnace, 
the  object  being  to  always  have  a  fresh  surface  of  lead  exposed 
to  the  oxidising  action  of  the  air  which  passes  through  the 
furnace.  The  workmen  by  a  peculiar  splashing  action  while 
rabbling  expedite  this  oxidation  very  much ;  at  intervals  pigs 
of  lead  are  thrown  into  the  furnace.  This  drossing  takes  about 
10  to  12  hours,  at  the  end  of  which  time  the  dam  across  the 
front  of  the  furnace  is  broken  down,  and  the  unmelted  lead 
allowed  to  runout,  while  the  "dross"  or  "casing,"  as  it  is 
called,  is  taken  out  to  be  worked  for  the  next  stage.  The 
furnace  is  now  ready  for  another  charge. 

The  "dross"  or  "casing"  has  a  rather  bright  yellow  colour, 
and  is  coarse  in  texture  ;  it  consists  essentially  of  the  monoxide 
of  lead,  Pb  0^  but  still  contains  some  unoxidised  lead.    It  is 
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now  ground  and  levigated  with  water;  the  oxide  grinds  to  the 
form  of  a  fine  powder,  while  the  lead  is  simply  flattened  out, 
and  by  sieving  can  easily  be  removed ;  it  is  sent  back  again  into 
the  furnace,  while  the  ground  oxide  is  washed  by  a  stream  of 
water  into  settling  tanks,  where  it  settles  out  in  the  form  of  a 
paste,  which  is  ready  for  use  in  the  next  stage. 

One  point  of  importance  in  the  drossing  stage  is  to  see  that 
the  temperature  is  carefully  regulated,  so  that,  while  it  is  above 
the  melting  point  of  the  lead  and  therefore  in  a  molten  state, 
yet  it  is  below  the  melting  point  of  the  casing ,  as  the  margin  is 
not  great,  considerable  care  has  to  be  taken  to  avoid  over- 
stepping the  limit.  If  the  casing  is  allowed  to  melt  it  passes 
into  litharge  and  this  cannot  be  converted  into  red  lead.  The 
dross  or  casing  is  also  known  as  massicot. 

2nd  Stage,  Colouring. — The  next  operation  consists  in  heating 
the  dross  obtained  in  the  first  stage,  either  in  the  same  oven  or 
in  another,  which  only  differs  from  the  drossing  oven  in  a  few 
minor  details.  The  colouring  oven  is  heated  to  a  low  red  heat, 
care  being  taken  to  ensure  a  large  supply  of  air.  The  operation 
takes  about  48  hours,  and  the  mass  is  frequently  rabbled  during 
that  period;  after  it  has  been  in  about  12  hours  a  sample  is 
taken  out  and  its  colour  examined ;  this  sampling  is  repeated  at 
the  end  of  each  twelfth  hour  and  near  the  end  of  the  operation 
more  frequently  When  the  red  lead  has  attained  the  correct 
colour,  the  fires  are  drawn  and  the  furnace  allowed  to  cool 
down;  when  cold,  the  red  lead  is  drawn  from  the  oven,  ground 
as  finely  as  possible,  and  sent  into  the  market. 

The  change  which  takes  place  in  the  transformation  of  the 
metallic  lead  into  red  lead  is  shown  in  the  following  equations — 

1st  Stage.  Pb     +       0        =  Pb  0 

Lead  plus  oxygen  forms  lead  monoxide. 

2nd  Stage.         3  Pb  0  +       O         =  Pb3  04 

Lead  monoxide  plus  oxygen  forms  lead  peroxide. 

Theoretically,  100  lbs.  of  lead  should  yield  110*36  lbs.  of  red 
lead ,  practically,  about  108  lbs.  of  red  lead  are  obtained,  which  is 
a  very  near  approach  to  the  theoretical  amount.  The  best  red 
lead  for  painters'  use  is  made  from  pure  lead,  as  the  presence  of 
impurities  in  the  metal  has  a  material  and  injurious  influence  on 
the  colour  of  the  product ,  iron,  in  particular,  causes  the 
colour  to  be  dark.  For  glass-makers'  red  lead  a  pure  product  is 
absolutely  necessary,  as  an  impure  lead  causes  the  glass  to  be 
coloured,  not  white  as  it  should  be. 

Gmelin  {Handbook,  vol  v.,  p.  118)  gives  some  interesting 
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details  as  to  the  process  of  firing  massicot.  The  "red  lead'* 
produced  in 

1  firing  of  24  hours  contains  50*0  per  cent,  of  red  lead, 

2  „  52-1 


3 
4 
5 
6 


58-1 
641 
66-2 
74-8 


while  an  ^'orange  lead"  produced  from  white  lead  in  3  firings 
of  24  hours  each  contained  95*3  per  cent,  of  red  lead. 

Burton's  Process. — Although  the  only  process  at  present 
worked  for  the  preparation  of  red  lead  is  the  one  described 
above,  yet  in  1862  Burton  patented  a  process  for  making  red 
lead  from  sulphate  of  lead,  in  which  1  equivalent  or  1*894  parts 
of  lead  sulphate  are  mixed  with  1  equivalent  or  0*665  part  of 
sodium  carbonate  and  1  equivalent  or  0*143  part  of  sodium 
nitrate.  The  mixture  is  heated  to  a  dull  red  heat  with  an  excess 
of  nitre ;  the  fused  mass  is  lixiviated  with  water,  whereby  the 
red  lead  formed  is  separated  from  the  alkaline  salts,  and  this  is 
washed  and  dried. 

PROPERTIES  AND  COMPOSITIOlSr  OP  RED  LEAD. 
— Ked  lead  is  a  heavy,  bright  red  powder  of  an  orange  hue,  its 
specific  gravity  being  8*53.  Heat  turns  it  to  a  dark  brownish- 
red,  but  the  colour  is  restored  on  cooling.  Acids  act  on  red 
lead.  Nitric  acid  and  glacial  acetic  acid  first  dissolve  out  the 
monoxide,  leaving  the  dark  puce  oxide  ;  on  further  boiling,  this 
gradually  dissolves  and  colourless  solutions  of  the  nitrate  or 
acetate  are  formed.  Hydrochloric  acid  when  heated  with  red 
lead  decomposes  it  with  the  evolution  of  chlorine  and  the  forma- 
tion of  the  chloride,  which  settles  as  the  solution  cools  in  the 
form  of  transparent  needles,  a  very  characteristic  reaction  of  lead. 
Sulphuric  acid  boiled  with  red  lead  forms  the  sulphate,  with  the 
evolution  of  oxygen. 

Red  lead  is  a  combination  ot  the  two  oxides  of  lead,  the 
monoxide,  Pb  O,  and  the  puce  or  dioxide,  Pb  ;  it  is  generally 
considered  that  they  are  present  in  the  proportion  of  two  equiva- 
lents of  the  first  to  one  of  the  second,  red  lead,  therefore,  having 
the  formula  Pbg  O^^  the  percentage  composition  being — 

Lead  monoxide,  Pb  0,    .       .       .       64*5  ^ 
Lead  dioxide,  Pb  O2      .       .       .  35*5 


100-0 

There  is  reason  for  believing  that  Pbo      does  not  accurately 
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represent  the  true  composition  of  red  lead  ;  for,  although  the 
proportions  of  the  two  oxides  is  about  that  given  in  the  above 
analysis,  it  is  probable  that  the  whole  of  the  monoxide  present 
is  not  combined  with  the  dioxide  as  red  lead,  but  that  some  of  it 
is  in  the  free  condition;  this  free  oxide  is  not  distinguishable 
from  the  combined  oxides  by  treatment  with  acids,  but,  by 
treating  with  a  10  to  12  per  cent,  solution  of  lead  nitrate,  it  is 
quite  possible  to  extract  16  to  31  per  cent,  of  free  oxide,  while 
the  purified  red  lead  thus  obtained  contains  25*4  to  25*7  per 
cent,  of  dioxide."^ 

The  formula  of  red  lead  would  then  be  "Ph^Or,,  which  is  that 
assigned  to  it  by  Phillips  and  other  authorities.  Percy t  gives 
the  following  analysis  of  red  lead  : — 

Lead  monoxide,  PbO,   80*54  per  cent. 

Lead  dioxide,  Pb  O2,   18*89 

Ferric  oxide,  Feg  O2",  '19  „ 

Copper  and  silver,  .....  trace 

99-62 

which  corresponds  to  the  formula  4  Pb  O,  Pb  O^,  or  Pbg  Og. 

It  is  evident  that  this  does  not  accurately  represent  red  lead, 
because,  by  treatment  with  lead  acetate  some  monoxide  can  be 
removed  without  affecting  the  colour;  this  was  pointed  out  by 
Dumas.  Evidently  this  monoxide  is  not  in  the  same  chemical 
condition  as  the  rest  that  is  present.  In  a  series  of  analyses 
made  by  Woodman  {Chemical  Trade  Journal^  April  24,  1897) 
proportions  of  59  to  8  per  cent,  of  monoxide  were  found.  A 
typical  analysis  is — 

Lead  dioxide,  PbOg,  26*4  per  cent,  equal  to 

Pb3  O4  red  lead,  75*6  per  cent. 

Lead  monoxide,  PbO  (free)  .  ^  .  .  20*5  ,, 
Impurities,     .       .       .       .       .       .       .3*5  ,, 

It  is  important  to  note  that  the  monoxide  when  in  the  free 
condition  in  red  lead  has  not  quite  the  same  chemical  and 
physical  properties  as  litharge,  the  ordinary  commercial  mon- 
oxide. 

Both  PbgO^  and  Pb^Os  are  known;  the  former  is  much  easier 
to  prepare  than  the  latter,  and  the  latter  can  only  be  made  by 
repeated  oxidation  of  the  monoxide.  A  little  free  monoxide  is 
desirable  in  red  lead,  as  then  the  colour  is  not  so  readily  liable 
to  spoil  by  over-oxidation. 

*Lowe,  Di7igl.  polytech.  Journ.,  vol.  271,  pp.  472-477;  Woodman, 
Chemical  Trade  Journ.,  April  24,  1897. 
t  Percy,  Metallurgy  of  Lead. 
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As  a  pigment  red  lead  is  very  useful,  it  mixes  very  well 
with  linseed  oil,  and  takes  from  8  to  9  per  cent,  of  it  to  grind 
into  a  stiff  paste.  It  exerts  a  powerful  drying  action  on  the  oil ; 
hence,  paint  containing  red  lead  dries  very  quickly ;  on  this 
account,  also,  red  lead  mixed  with  linseed  oil  is  largely  used  as 
a  lute  and  packing  for  steam  pipes  and  joints  of  all  kinds.  It 
possesses  good  covering  and  colouring  power,  and  is  capable  of 
resisting  all  ordinary  atmospheric  influences,  although  it  is  liable 
to  be  discoloured  by  sulphuretted  hydrogen  as  is  the  case  with 
all  lead  pigments.  It  may  be  mixed  with  nearly  all  pigments, 
the  only  exceptions  being  those  containing  sulphur,  such  as 
ultramarine,  cadmium  yellow,  &c. 

ASSAY  AND  ANALYSIS  OP  RED  LEAD.— Red  lead 
should  be  assayed  for  colour,  fineness,  and  body  in  the  usual  way. 
It  is  rarely  adulterated ;  but  if  so,  it  is  usually  by  the  oxide  of 
iron  reds.  The  quantity  ot  red  lead  in  such  an  adulterated 
sample  can  be  ascertained  by  taking  2  grammes  and  boiling 
with  nitric  acid  until  it  is  thoroughly  decomposed ;  the  insoluble 
matter  can  be  filtered  off  and  its  amount  ascertained  by  weighing 
it;  to  the  solution,  which  is  colourless  if  the  red  lead  be  pure,  but 
yellow  if  there  is  any  iron  present,  a  little  dilute  sulphuric  acid 
is  added,  and  a  precipitate  of  sulphate  of  lead  obtained ;  this  is 
filtered  off,  washed,  dried,  and  weighed  in  the  usual  manner. 
The  weight  multiplied  by  0*955  gives  the  amount  of  red  lead 
in  the  sample.  The  solution  from  the  lead  sulphate  can  be 
tested  for  iron,  &c.,  by  the  usual  tests. 

To  ascertain  the  amount  of  free  monoxide  in  red  leads, 
2  grammes  may  be  digested  with  a  saturated  solution  of  lead 
acetate,  and  the  residual  red  lead  collected  and  weighed  on  a 
dry  filter  paper;  or  the  sample  may  be  treated  with  dilute 
nitric  or  acetic  acids,  and  the  peroxide  liberated  is  dried  and 
weighed.  The  amount  multiplied  by  the  factor  2*866  gives  the 
corresponding  quantity  of  red  lead,  Pbg  O^. 


ORANGE  LEAD. 

This  pigment  is  identical  in  composition  with  red  lead,  but  is 
rather  paler  in  colour  and  lighter  in  weight.  To  make  it,  white 
lead  is  placed  in  a  furnace  similar  to  a  red  lead  furnace, 
and  heated  to  a  low  red  heat  for  from  24  to  48  hours,  or  until 
the  mass  has  acquired  the  desired  red  tint.  During  this  opera- 
tion the  white  lead  loses  its  carbonic  acid  and  water,  while  it 
takes  up  oxygen  from  the  air  which  passes  through  the  furnace. 
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The  change  is  shown  in  the  following  equation  : — 

2PbC03PbH2  02  +  0  =  Pb304  +  H2O  +  2CO2. 

In  washing  white  lead  a  scum  collects  on  the  top  of  the 
washing  waters,  this  is  collected  and  made  into  orange  lead,  and 
gives  a  brighter  and  more  bulky  product  than  dry  white  lead. 
Orange  lead  has  a  slightly  paler  colour  than  red  Jead,  is  more 
voluminous  and  of  lower  specific  gravity,  which  is  about  6*95. 
In  its  composition  and  properties  it  is  identical  with  red  lead, 
and  it  is  used  for  very  similar  purposes. 

A  good  many  imitation  red  and  orange  leads  are  now  pre- 
pared ;  these  are  chiefly  mixtures  of  red  lead  or  orange  lead 
with  more  or  less  orange  lake  prepared  from  barytes  and 
the  dyestuff  orange,  S  N  L  (see  Chapter  IX.).  These  can 
be  detected  by  slightly  tinting  alcohol  of  an  orange  colour, 
and  by  leaving  a  white  residue  of  barytes  when  boiled  with 
nitric  acid. 


RED  OXIDE,  INDIAN  RED,  AND  IRON  REDS. 

Ferric  oxide,  Fe^O^,  the  red  oxide  of  iron,  is  the  basis  of 
a  very  large  number  of  pigments  which  are  sold  under  the 
names  of  rouge,  light  red,  Indian  red,  red  oxide,  Venetian  red, 
purple  oxide,  scarlet  red,  <fec.,  which  are  all  red  pigments  of 
varying  shades  of  colour.  In  the  hydrated  form,  ferric  oxide 
also  forms  the  colouring  principle  of  the  ochres,  siennas,  and 
umbers.  The  red  oxides  are  valued  very  highly  as  pigments, 
on  account  of  their  generally  fine  colour  and  their  permanence. 

Ferric  oxide  occurs  naturally  in  a  variety  of  forms  in  the 
minerals  haematite,  specular  iron  ore,  limonite,  &c.,  in  which  it 
is  nearly  chemically  pure.  As  a  rule,  they  are  too  dark  in 
colour,  and  too  hard  to  be  used  as  pigments ;  but,  occasionally, 
deposits  of  oxide  of  iron  are  found  of  sufficient  brilliance  to  be 
used  as  a  pigment — e.g.,  the  Warton  oxide  named  below.^  Indian 
red  was  originally  found  native,  but  is  now  mostly  of  artificial 
manufacture.  Such  substances  as  red  ochre,  yellow  ochre,  red 
raddle,  umber,  &c.,  owe  their  colour  to  oxide  of  iron,  but  they 
contain  many  other  bodies. 

These  pigments  are  prepared  both  from  natural  and  artificial 
sources.    Before  entering  into  the  details  of  their  preparation  a 

*  At  Bovey  Tracey,  in  Devonshire,  a  micaceous  iron  ore,  commonly  known 
as  "shining  ore,"  is  found,  and  largely  employed  for  making  paint.  It 
exists  in  the  granite  formation,  in  lodes  running  in  an  east  and  west  direc- 
tion ;  they  are  small,  varying  from  2  feet  to  6  inches  in  width.  The  ore  is 
mined  by  driving  adits  or  levels  into  the  hill  sides.  The  granite  in  which 
the  ore  is  found  is  that  of  the  eastern  fringe  of  the  Dartmoor  range. 
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few  words  about  the  oxides  of  iron  and  their  properties  will  be 
of  use  in  understanding  the  subjecL 

There  are  three  principal  oxides  of  iron,  viz.  : — 

Ferrous  oxide,  the  green  or  protoxide,  Fe  O. 

Ferric  oxide,  the  red  or  peroxide  of  iron,  re2  O3. 

Triferric  tetroxide,  the  black  or  magnetic  oxide,  Fcg  O^. 

Ferrous  oxide  (iron  monoxide,  protoxide  of  iron,  as  also,  from 
its  colour  and  the  colour  of  its  salts,  the  green  oxide),  Fe  O,  is 
not  known  in  the  free  condition.  When  a  solution  of  caustic 
soda  or  of  caustic  potash  is  added  to  a  solution  of  a  ferrous  salt  a 
green  precipitate  of  the  ferrous  hydroxide,  Fe  Ho  Og,  is  obtained ; 
this,  when  exposed  to  the  air,  rapidly  oxidises  and  passes  into 
the  ferric  compound,  the  change  being  accompanied  by  a  change 
of  colour  from  green  to  red ;  even  when  kept  under  water  this 
change  goes  on,  although  slowly ;  on  heating  it  changes  to  the 
ferric  oxide.  Except  in  a  few  rare  minerals  ferrous  oxide  is  not 
known  to  exist  naturally.  Ferrous  hydroxide  is  soluble  m.  all 
acids,  with  the  formation  of  the  corresponding  ferrous  salt ;  these 
salts  are  only  stable  when  in  the  dry  condition,  when  dissolved 
in  water  they  gradually  change  into  the  ferric  salts,  and  usually 
a  small  quantity  of  ferric  oxide  is  formed  at  the  same  time. 

Ferric  oxide  (iron  trioxide,  sesquioxide  of  iron,  peroxide  of 
iron),  Fe2  O3,  is  the  most  important  of  the  three  oxides  of 
iron.  It  is  found  in  abundance  in  nature  in  a  great  variety  of 
forms,  some  of  which  have  been  noticed  above.  It  generally 
occurs  in  a  nearly  pure  state,  and  is  then  used  as  an  ore  of 
iron;  at  other  times  it  is  found  mixed  with  earthy  and  other 
substances  in  variable  quantities,  such  bodies  are  used  for 
several  purposes;  some  of  them,  which  have  been  named  above, 
as  pigments.  It  is  usually  of  a  dark  red  colour,  although  some 
forms  are  nearly  black.  When  it  occurs  in  a  hydrated  condition, 
as  in  limonite,  or  as  it  is  in  yellow  ochre,  it  has  a  brownish- 
yellow  or  brown  colour.  Ferric  oxide  is  soluble  in  acids,  easily 
in  strong  hydrochloric  acid,  or  a  mixture  of  nitric  and  hydro- 
chloric acids ;  it  is  not  so  readily  soluble  in  sulphuric  or  nitric 
acids ;  with  these  acids  it  forms  the  ferric  salts ;  but  the  degree 
of  solubility  is  very  variable,  some  forms  being  almost  insoluble, 
while  others  are  freely  soluble.  It  is  perfectly  stable,  and  can 
be  exposed  to  the  air  for  any  length  of  time  without  change. 
When  a  solution  of  caustic  potash  or  soda  or  ammonia  is  added 
to  a  solution  of  a  ferric  salt  a  brownish -red,  flocculent  precipitate 
of  the  ferric  hydroxide,  Fcg  Og,  is  obtained ;  on  being  heated 
to  a  low  red  heat  this  loses  its  water  and  passes  into  the 
oxide,  Fe^  O3. 
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Triferric  tetroxide  (magnetic  oxide  of  iron),  O^,  is  found 
naturally  in  large  quantities  as  the  mineral  magnetite,  the 
natural  loadstone;  this  is  used  as  an  ore  of  iron;  it  is  not 
readily  soluble  in  acids,  and  its  solution  contains  both  ferrous 
and  ferric  salts. 

A  fourth  oxide,  ferric  anhydride,  Fe  O3,  is  known  in  the 
form  of  a  compound  salt  of  potassium,  corresponding  to  the 
chromate  of  potassium ;  it  is  not,  at  present,  of  practical 
importance. 

MANUFACTURE  OP  OXIDE  REDS.—These  are  ob- 
tained, as  stated  above,  from  (a)  natural  and  (b)  artificial  sources. 

(a)  Preparation  from  Natural  Oxide  0/  Iron. — The  preparation 
of  oxide  reds  from  the  iron  minerals  is  comparatively  simple. 
The  mineral  is  first  ground  in  an  edge-runner  grinding  mill  so  as 
to  reduce  the  large  masses  to  small  pieces ;  then  these  are  sent 
several  times  through  a  roller  mill,  until  they  are  fine  enough,  or 
they  may  be  put  through  a  horizontal  stone  mill  fitted  with  a 
hopper  for  levigating  and  the  ground  pigment  levigated  to  free  it 
as  much  as  possible  from  grit ;  after  this,  the  levigated  material 
requires  to  be  dried  before  it  can  be  sent  out.  Descriptions  of 
grinding  mills,  levigating  and  drying  processes  will  be  found  in 
subsequent  chapters. 

As  a  rule,  the  natural  oxide  reds  are  fairly  pure  products  ; 
some  analyses  will  be  found  on  p.  122.  They  are  generally  dark, 
and  are  mostly  sold  as  Indian  red  or  red  oxide.  They  are 
excellent  and  very  permanent  pigments. 

(b)  Preparation  from  Ai^tificial  Sources. — Oxide  of  iron  reds 
are  prepared  from  a  variety  of  materials,  some  of  which  are 
obtained  as  waste  products  in  other  branches  of  manufacture, 
while  others  are  used  directly  for  making  them.  The  manu- 
facturer is  able,  within  certain  limits,  to  prepare  any  shade  of 
red  which  is  desired ;  the  darker  shades  are  much  more  easily 
prepared  than  the  paler  shades ;  the  former  may  be  almost 
chemically  pure,  but  the  paler  shades  can  only  be  made  from 
such  bodies  as  the  ochres,  which  only  contain  a  comparatively 
small  quantity  of  iron. 

The  artificial  oxide  reds  are  sold  under  a  great  variety  of 
names.  In  some  cases  these  originally  showed  the  origin  of  the 
pigment  when  it  was  first  introduced,  e.g.,  Indian  red  and  Vene- 
tian red;  while  others,  such  as  purple  oxide,  light  red,  and  scarlet 
red  are  indicative  of  the  shade  of  colour.  The  names,  as  now 
used,  are  usually  indicative  of  the  shade  of  the  red,  thus  rouge, 
colcothar,  scarlet  red,  and  Turkey  red  are  bright  reds  ;  Venetian 
red  is  a  pale  red ;  light  red  is  rather  darker,  but  is  usually  paler 
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than  those  above  enumerated ;  Indian  red  and  red  oxide  are  dark 
reds  ;  while  light  and  dark  purple  oxides  are  of  a  dull  violet  hue. 

The  processes  which  are  used  in  the  preparation  of  oxide  reds 
may  be  grouped  under  two  heads  : — 

1st.  Dry  Processes. 
2nd.  Wet  Processes. 

In  the  first  group  the  reds  are  made  by  heating  an  iron 
compound. 

In  the  second,  a  precipitate  of  iron  is  thrown  down  from  solu- 
tion, and  is  then  usually  heated  to  convert  it  into  the  red. 

1st.  DRY  PROCESSES. — {a)  Prom  Copperas.— The  prin- 
cipal material  used  in  the  preparation  of  these  reds  by  the  dry 
processes  is  copperas,  ferrous  sulphate.  This  iron  salt  is  made  in 
very  large  quantities  by  exposing  iron  pyrites  to  the  oxidising 
action  of  the  air,  neutralising  the  acid  solution  of  sulphate  thus 
obtained  by  means  of  scrap  iron  and  then  crystallising  out  the 
ferrous  sulphate  so  formed.  Copperas,  ferrous  sulphate,  forms 
large,  pale  green  crystals,  which  have  the  formula  Fe  S  O^,  7  H2  O. 
On  exposure  to  the  air  they  are  liable  to  oxidise  and  to  form  a 
brown  crust  of  the  ferric  oxide.  Heated  at  about  120°  C.  they 
lose  6  of  the  7  molecules  of  water  of  crystallisation  they  contain, 
falling  to  a  white  powder  in  so  doing ;  at  a  higher  temperature 
they  lose  the  seventh  molecule  of  water.  Copperas  dried  by  heat 
is  much  used  as  a  drier  in  varnish  making.  Partially-dried 
copperas,  when  heated  to  a  white  heat,  or  even  to  a  lower  tem- 
perature, is  decomposed;  it  loses  its  sulphur  trioxide,  while  a 
residue  of  ferric  oxide  remains ;  the  change  which  goes  on  is 
probably  a  complex  one  and  may  be  represented  by  the  fol- 
lowing equations : — 

4FeS04  +  0.>  +  2HoO  =  4FeS04(OH), 

2FeS04(OH)  =  H2SO4  +  SO3  +  Fe^Og. 

Sometimes  a  little  sulphur  dioxide  is  given  off. 

When  carried  out  on  a  large  scale,  the  copperas  is  rarely 
thoroughly  dried,  so  that  the  water  it  contains  passes  off  with 
the  sulphur  oxides,  and  forms  with  them  a  brownish  fuming 
liquid  known  as  Nordhausen  or  fuming  sulphuric  acid;  in  fact, 
this  was  the  first  process  by  which  sulphuric  acid  was  made,  but 
it  is  now  displaced  by  the  English  method;  the  iron  oxide  which 
is  left  behind  is  sold  for  various  purposes  under  the  name  of 
rouge  or  colcothar. 

The  process  may  be  carried  on  with  a  view  of  obtaining  the 
acid  as  the  principal  product  and  the  oxide  as  a  bye-product,  or 
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the  oxide  may  be  the  principal  product  and  the  acid  the  bye- 
product,  as  is  the  case  when  copperas  is  calcined. 

When  the  process  is  carried  on  with  a  view  to  obtain  the  acid 
which  is  evolved,  the  operation  is  generally  done  in  cast-iron 
stills  which  are  fitted  with  suitable  condensing  arrangements. 
The  stills  are  heated  to  a  red  heat ;  after  the  evolution  of  the 
acid  vapours  has  ceased,  the  still  is  allowed  to  cool,  and  the  resi- 
dual oxide  ground  with  water  to  wash  it  and  grind  it  as  fine  as 
possible ;  then  it  is  dried  and  sent  out  as  rouge  or  colcothar  or 
scarlet  oxide,  &c.  The  oxide  must  be  washed  to  free  it  from  all 
traces  of  the  acid,  which  would  reduce  its  value  as  a  pigment  if 
left  in. 

The  usual  plan  is  to  calcine  the  dried  copperas,  either  with  or 
without  previous  drving,  in  a  form  of  mufile  furnace,  such  as  is 
shown  in  Fig.  16,  which  may  be  arranged  with  a  view  to  collecting 
the  acid  gases  evolved  or  to  allow  them  to  pass  away  without 
being  collected,  as  is  perhaps  the  most  common  plan ;  but  in 
view  of  the  value  of  sulphuric  acid,  it  is  worth  while  to  collect 
and  manufacture  the  acid  gases  into  the  acid,  especially  if  the 
oxide  manufacture  be  carried  on  so  far  from  an  acid  works  that 
the  cost  of  the  sulphuric  acid  required  for  other  operations  in 
the  colour  works  becomes  an  important  item. 

By  regulating  the  temperature  at  which  the  calcination  is 
carried  on,  and  also  its  duration,  the  shade  of  the  resulting  oxide 
may  be  modified  to  suit  the  requirements  of  the  colour  maker ; 
thus  if  carried  on  at  a  dull  red  heat  a  bright  shade  of  red  is 
obtained ;  if  at  a  red  heat,  a  darker  red  ;  while  at  a  white  heat, 
the  oxide  will  take  a  dark  violet  shade.  The  same  effects  may 
be  produced  by  prolonging  the  calcination  at  a  lower  temperature, 
but  the  results  are  usually  not  so  good.  During  the  calcination  it 
is  necessary  to  take  out  samples  from  time  to  time  to  see  how  the 
operation  is  proceeding.  When  the  mass  has  acquired  the  right 
shade  the  operation  is  stopped  by  drawing  the  furnace  fire,  and 
the  furnace  and  its  contents  are  allowed  to  cool  down ;  or  the 
oxide  may  be  withdrawn  while  still  hot,  leaving  the  furnace  in  a 
condition  to  take  another  charge  without  loss  of  time  and  with 
some  saving  of  fuel. 

Although  it  is  not  necessary  to  add  anything  to  the  copperas 
in  order  to  produce  the  oxide,  some  makers  add  a  small  quantity 
of  salt,  about  2  to  3  lbs.  per  cwt.  of  copperas ;  other  makers  add 
sulphur  J  but  there  cannot  be  much  advantage  in  adding  these 
bodies,  especially  the  latter.  The  salt  may  act  by  increasing  the 
bulk  of  the  resulting  oxide  and  thus  tending  to  brighten  the 
shade  somewhat.    When  these  bodies  are  added  it  is  necessary 
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that  the  oxide  be  very  carefully  washed  before  it  is  sent  out,  as 
if  any  salt,  &c.,  be  left  in  it  will  interfere  very  materially  with 
the  use  of  the  oxide  as  a  pigment."^ 

Messrs.  Leech  S  Neal  have  patented  the  use  of  a  kiln  constructed 
very  similar  to  a  brick  kiln,  the  gases  evolved  from  which  are 
passed  into  a  lead  chamber,  where  the  sulphuric  acid  they  con- 
tain is  condensed,  while  the  sulphurous  acid  passes  into  a  column 
with  water  and  scrap  iron,  dissolving  the  latter  and  forming 
ferrous  sulphate,  which  is  used  for  another  batch  of  oxide. 

Lavender  describes  in  a  patent  a  method  of  preparing  oxide 
from  the  waste  liquors  of  iron  galvanisers  which,  if  they  have 
used  sulphuric  acid  for  pickling  the  iron,  contain  sulphate  of  that 
metal,  by  passing  superheated  steam  through  them,  thus  driving 
off  the  water  and  excess  of  acid  and  drying  the  sulphate,  which 


Fig.  16. 


is  then  calcined  in  kilns  so  built  that  the  gases  evolved  can  be 
condensed  in  lead  chambers. 

*  D'Andria  (English  Patent,  No.  5,M9,  1893)  prepares  a  fine  iron -red 
pigment  by  mixing  copperas  and  magnesia  or  Epsom  salts  together,  heating 
the  mixture  to  a  moderate  red  heat  in  a  furnace,  washing  the  resulting  frit  or 
product  with  water  (to  separate  out  the  magnesium  sulphate  that  is  formed), 
and  drying  the  residual  red  pigment.  The  colour  is  much  finer  in  condition 
and  brighter  in  colour  than  can  be  obtained  by  heating  copperas  alone^ 
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In  another  patent  Madge  has  described  a  furnace  and  process 
for  preparing  oxide  from  copperas.  The  furnace  is  shown  in 
Fig.  16,  and  is  of  the  muffle  form,  with  arrangements  for  collect- 
ing and  condensing  the  sulphur  gases  evolved.  The  copperas  is 
first  dried  on  iron  plates  heated  by  the  waste  heat  from  the 
muffles;  then,  after  drying,  it  is  transferred  to  the  muffles  and 
further  calcined  to  oxide,  which  is  then  finished  as  usual. 

The  oxide  yielded  by  the  above  processes  is  fairly  pure  and 
mostly  of  a  dark  red  shade,  which,  as  has  been  mentioned  above, 
may  be  varied  at  will  to  some  extent,  but  the  pale  shades  cannot 
be  obtained  in  this  way. 

(h)  Prom  Ochres. — By  calcining  ochres,  an  operation  which  is 
carried  on  on  a  large  scale,  reds  are  obtained  which  vary  in  tone 
very  much  and  to  a  greater  extent  than  is  possible  in  the  case  of 
the  oxides  prepared  as  above  described  from  copperas.  The 
process  was  patented  as  early  as  1794  by  Atkinson.  The  furnace 
for  calcining  ochres  varies  in  form  at  different  works ;  in  some 
places  it  is  simply  a  stone  slab  or  iron  plate  placed  over  a  fire; 
in  others  some  form  of  muffle  furnace  is  used ;  indeed,  almost  any 
form  of  furnace  may  be  used. 

The  ochres  should  be  ground  and  levigated  before  they  are 
calcined,  as  the  red  obtained  from  ground  ochres  is  better  than 
that  obtained  from  unground  ochres.  For  Venetian  reds  about 
8  hours  at  a  low  red  heat  is  required ;  light  reds  require  about 
10  hours  ;  Indian  reds  about  12  hours  ;  while  purple  reds  require 
16  hours.  With  higher  temperatures  less  time  is  required. 
During  the  progress  of  the  calcining  test-samples  should  be  taken 
out  from  time  to  time  to  see  how  it  is  proceeding,  and  when  the 
red  has  assumed  the  required  shade  it  must  be  withdrawn  from  the 
furnace.  As  soon  as  it  is  cold  it  is  ready  for  the  market,  provided 
it  has  been  ground  and  levigated  before  heating,  otherwise  it 
must  be  ground  and  levigated  before  it  is  fit  to  use  as  a  pigment. 

The  oxide  of  iron  exists  in  the  ochre  in  a  hydrated  condition 
(see  Ochres^  p.  147),  and  this  has  a  brownish  tone.  On  calcining, 
this  water  of  hydration  is  driven  off,  and  the  oxide,  becoming 
converted  to  the  anhydrous  condition,  turns  red. 

The  iron  reds  made  from  ochres  are  necessarily  impure,  as  the 
oxide  of  iron  is  associated  with  silica,  alumina,  lime,  &c.,  their 
composition  varying  with  that  of  the  ochres  from  which  they  are 
made.    Some  analyses  of  these  reds  will  be  found  on  p.  122. 

2nd.  WET  PROCESSES. — A  very  large  proportion  of  the  oxide 
reds  now  sold  are  prepared  by  a  combined  precipitation  and  calcin- 
ing process  which  can  be  grouped  briefly  as  "wet  processes." 

In  a  large  number  of  metallurgical  operations  liquors  con- 
taining iron  are  produced  in  large  quantities  ;  formerly  these 
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were  thrown  away  as  useless,  but  now  the  iron  they  contain  is 
recovered  in  the  form  of  red  oxide,  which  is  used  as  a  pigment. 
Processes  for  extracting  the  iron  from  these  liquors  have  been  the 
subject  ot  numerous  patents,  some  of  which  have  been  worked  on 
the  large  scale,  while  others  have  not  gone  beyond  the  experi- 
mental scale ;  some  are  for  the  actual  process,  while  others  are 
for  the  plant  which  is  required  for  the  purpose,  and  some  are  for 
both  process  and  plant.  It  is  not  necessary  to  describe  these  in 
detail,  but  an  outline  of  the  principal  processes  will  be  given. 

In  galvanising  or  tinning  iron  goods  to  preserve  them  from 
the  rusting  action  of  the  atmosphere  the  iron  goods  are  first 
dipped  into  dilute  sulphuric  or  hydrochloric  acid  to  clean  them 
free  from  any  oxide  before  placing  them  in  the  zinc  or  tin  bath  ; 
necessarily  the  acid  liquor  will  become  charged  with  iron  to  a 
greater  or  less  extent ;  formerly  this  acid  liquor  was  thrown 
away,  but  galvanisers  have  been  compelled  to  adopt  some  plan 
of  treating  it  as  the  various  local  authorities  interested  objected 
to  its  discharge  into  drains  and  watercourses.  The  iron  is 
recovered  by  precipitating  it  in  the  form  of  oxide  by  the  addition 
of  an  alkaline  solution.  For  this  purpose  soda  crystals,  caustic 
soda,  ammonia,  ammonia  carbonate,  or  lime  may  be  used ;  the 
latter  is  the  cheapest,  but  its  use  requires  some  care,  as,  if  used 
in  excess  (which  may  easily  happen),  the  excess  will  find  its  way 
into  the  drains  or  watercourses,  where  its  presence  is  rather 
objectionable.  By  any  of  these  bodies  the  iron  is  practically 
precipitated  in  the  form  of  oxide  ;  as  a  bye-product  there  will  be 
obtained  some  alkaline  compound,  the  nature  of  which  will 
depend  upon  the  nature  of  the  alkali  used  and  of  the  acid 
employed  in  the  galvanising  operation.  If  soda  is  used,  either 
chloride  or  sulphate  of  soda  will  be  formed  in  the  liquors;  these 
may  be  thrown  away,  as  the  quantity  obtainable  is  not  worth 
recovering ;  if  ammonia  is  used  (and  for  this  purpose  the  crude 
ammonia  liquor  of  gas  works  may  be  used),  either  ammonia 
chloride  or  sulphate  will  be  formed,  from  which  ammonia  may 
be  recovered.  When  lime  is  used,  either  chloride  or  sulphate 
is  obtained ;  in  the  former  case  it  will  pass  away  in  solution, 
while  in  the  latter  it  will  pass  into  the  precipitate  and  will 
modify  the  shade  of  the  resulting  pigment. 

The  general  method  of  procedure  is  as  follows : — The  liquors 
are  run  into  tanks  and  the  acidity  of  them  is  destroyed  by  adding 
scrap  iron;  then  the  alkaline  liquor  is  added  in  sufficient 
quantity  to  precipitate  the  whole  of  the  iron ;  the  precipitate  is 
collected  on  filters,  dried  by  any  convenient  means,  and  then 
calcined  in  a  furnace.    If  a  Venetian  red  is  wanted,  after  pre- 
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cipitating,  a  quantity  of  sulphate  of  lime  is  added,  so  that  there 
shall  be  about  three  or  four  parts  of  sulphate  to  one  of  oxide ; 
this  addition  is  generally  only  necessary  when  the  iron  liquors 
contain  hydrochloric  acid  and  not  sulphuric  acid. 

The  use,  during  recent  years,  of  large  quantities  of  Spanish 
cupreous  pyrites  in  the  manufacture  of  sulphuric  acid,  and  the 
extended  use  of  wet  processes  for  the  extraction  of  the  copper 
from  the  residual  oxide  left  behind  after  the  sulphur  has  been 
burnt  off,  has  placed  at  the  disposal  of  the  colour  maker  new 
and  cheap  sources  of  waste  iron  liquors.  In  the  manufacture 
of  sulphuric  acid  the  pyrites  is  burnt  in  kilns,  the  sulphurous 
acid  gas  evolved  is  sent  into  lead  chambers  to  be  converted 
into  sulphuric  acid,  while  the  burnt  ore  is  heated  in  a  suitable 
furnace  with  salt,  which  converts  all  the  copper  and  some  of  the 
iron  into  chlorides.  The  furnaced  mass  is  now  dissolved  in 
water,  scrap  iron  is  thrown  into  the  liquors  thus  obtained  to 
precipitate  the  copper,  while  the  iron  passes  into  solution ;  the 
iron  liquors  thus  obtained  are  a  waste  product  so  far  as  the 
copper  extractor  is  concerned,  but  the  colour  maker  can  use 
them  for  making  red  oxide. 

The  iron  in  these  liquors  generally  exists  in  the  form  of 
chloride  and  sulphate ;  from  them  the  oxide  is  precipitated  by 
adding  lime,  affcer  which  the  precipitate  is  collected,  dried,  and 
calcined  in  the  usual  way.  The  oxides  so  obtained  nearly  always 
contain  sulphate  of  lime,  which  is  precipitated  along  with  the 
iron  on  adding  the  lime  to  the  iron  liquors;  this  sulphate  of 
lime  tends  to  make  the  oxide  of  a  lighter  shade  than  it  would 
otherwise  be.  During  the  last  few  years  many  patents  have 
been  taken  out  for  treating  these  waste  iron  liquors  for  oxide 
making,  in  the  specifications  of  which  full  details  will  be  found 
of  the  processes  adopted. 

PROPERTIES  OF  RED  OXIDES.— -Red  oxide  pigments 
form  red  powders  of  various  shades,  from  a  pale  red  to  a  dark 
violet,  the  specific  gravity  of  which  varies  from  2*6  to  3-1;  they 
are  quite  insoluble  in  water,  and  more  or  less  insoluble  in  acids. 
If  the  oxide  has  been  made  at  a  low  temperature,  as  for  instance 
rouge,  it  will  dissolve  in  strong  hydrochloric  acid ;  if  it  has 
been  made  at  a  higher  temperature,  Indian  red  for  example,  it 
is  not  readily  soluble  in  hydrochloric  acid,  and  requires  a 
mixture  of  that  acid  and  nitric  acid  to  effect  its  solution  ;  while 
the  purple  oxides  which  have  been  prepared  by  calcining  at  a 
very  high  temperature  are  very  insoluble  bodies,  and  require  to 
be  treated  with  a  mixture  of  sulphuric,  hydrochloric,  and  nitric 
acids  before   they  will   dissolve.     This  point  regarding  the 
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solubility  of  oxide  reds  should  be  l)orne  in  mind  when  making 
an  analysis  of  these  bodies.  Of  course  it  is  only  the  pure 
oxides  which  are  soluble,  those  made  from  ochres  always  yield 
an  insoluble  residue  of  some  kind. 

As  a  pigment,  red  oxides  are  perfectly  permanent  under  all 
conditions,  and  are  among  the  most  permanent  pigments  a 
painter  can  use.  They  mix  perfectly  with  all  pigments  without 
either  affecting  them  in  any  way  or  being  affected  by  them. 
They  do  not  mix  as  well  with  oil  as  red  lead,  take  about 
10  per  cent,  of  oil  to  grind  into  the  usual  stiff  paste,  and  do 
not  act  as  driers. 

ANALYSIS  AND  ASSAY  OF  RED  OXIDES.— From 
what  has  been  said  above  as  to  the  methods  of  preparation  of 
red  oxides  it  will  have  been  gathered  that  these  bodies  are  of 
very  variable  composition ;  some  are  nearly  pure  oxide,  others 
contain  calcium  sulphate,  while  others  are  much  more  complex, 
containing  silica,  alumina,  calcium,  &c.  In  technical  work  it  is 
rare  that  the  absolute  purity  of  a  body  is  an  essential  feature, 
and  this  applies,  as  a  rule,  to  pigments  particularly ;  with  them 
purity  is  not  essential,  provided  the  impurity  is  of  such  a 
character  as  will  not  affect  the  use  of  the  pigment  as  a  pigment; 
for  example,  sulphate  of  lime  may  be  present,  but  not  caustic 
lime,  as  the  former  will  not,  beyond  making  the  shade  lighter, 
affect  the  pigment  injuriously,  while  the  latter  will.  It  is 
rarely,  therefore,  that  an  analysis  of  a  pigment  is  required,  and 
this  is  particularly  the  case  with  red  oxides. 

When  an  analysis  is  required  of  an  oxide  red  the  following 
scheme  may  be  adopted  : — 

Water. — Weigh  2  grammes  into  a  watch-glass,  and  heat  in 
a  hot  oven  to  a  temperature  of  about  120°  0.  until  there  is  no 
further  loss  of  weight.  This  gives  the  hygroscopic  water.  For 
the  combined  water  weigh  2  grammes  into  a  crucible,  and 
heat  to  a  red  heat  over  the  Bunsen  burner  for  about  one  hour, 
then,  after  allowing  to  cool,  weigh ;  the  loss  of  weight  is  the 
hygroscopic  plus  the  combined  water. 

Next  weigh  into  a  beaker  5  grammes,  and  heat  with  a 
mixture  of  hydrochloric  and  nitric  acids  until  the  red  is  com- 
pletely decomposed ;  then  evaporate  the  solution  to  dryness,  treat 
the  dry  mass  with  a  little  dilute  hydrochloric  acid,  filter  off  into 
a  500  cc.  flask,  wash  well  with  water,  and  fill  the  flask  up  to 
the  mark.  This  solution  is  used  for  the  various  tests  given 
below.  The  residue  on  the  filter  is  the  silica,  barytes,  &c., 
which  can  be  dried  and  weighed. 

For  the  iro7i,  alumina,  &c.,  take  200  cc.  of  the  above  solution, 
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add  carbonate  of  soda  until  the  solution  is  neutral,  then  ammonium 
acetate ;  boil,  filter,  wash  and  dry,  and  weigh  the  precipitate  ;  this 
consists  of  oxide  of  iron,  alumina,  and,  in  some  rare  cases,  phos- 
phoric acid,  but  this  may  be  neglected,  as  a  rule,  in  iron  reds. 
The  iron  may  be  estimated  in  another  portion  of  the  original 
solution  by  a  volumetric  test  and  the  amount  of  alumina 
calculated  from  the  two  results.  The  filtrate  from  the  precipitate 
is  mixed  with  a  small  quantity  of  ammonium  sulphide  to  pre- 
cipitate any  manganese,  this  precipitate  being  collected,  dried, 
and  weighed.  To  the  filtrate  is  added  ammonium  oxalate  to 
precipitate  the  calcium,  which  is  filtered  off,  dried,  and  weighed. 
To  the  filtrate  from  this,  sodium  phosphate  is  added  to  precipitate 
the  magnesium,  if  present. 

For  the  sulphate  which  is  present  100  cc.  of  the  original 
solution  are  taken  and  some  barium  chloride  is  added ;  the  pre- 
cipitate of  barium  sulphate  is  filtered  ofi*,  dried,  and  weighed. 

For  fuller  details  as  to  the  method  of  carrying  out  this  scheme, 
works  on  quantitative  analysis,  such  as  that  of  Professor  Sexton, 
published  by  Grifiin  &  Co.,  should  be  consulted. 

The  analyses  on  p.  122,  which,  with  the  exception  of  ISTos.  3 
and  7,  have  been  made  by  the  author,  will  show  the  composition 
of  the  iron  reds  in  common  use  as  pigments. 

A  pigment  must  possess  two  properties,  good  colouring  power 
and  body.  As  the  iron  reds  are  so  variable  in  their  composition 
it  follows  that  in  these  two  particulars  they  will  vary  also  ;  for 
these  two  properties  they  should  be  assayed,  the  methods  of 
doing  which  will  be  found  detailed  in  the  chapter  on  assaying 
pigments. 

ANTIMONY  VERMILION. 

This  pigment,  also  known  as  antimony  orange,  is  very  largely 
used  for  colouring  india-rubber;  for  other  purposes  it  is  not  used 
as  extensively  as  it  might  be. 

It  is  the  sulphide  of  the  metal  antimony  and  has  the  formula 
Sb2S3.  This  body  occurs  naturally  as  the  mineral  stibnite  or 
antimony  glance  of  a  lustrous  black  colour  ;  when  ground  up  it 
is  known  as  black  antimony,  and  is  used  for  various  purposes  in 
the  arts,  one  being  as  a  source  for  the  manufacture  of  antimony 
vermilion. 

PREPARATION    OP    ANTIMONY  VERMILION.— 

Murdoch,  in  1847,  patented  a  process  for  the  preparation  of  anti- 
mony vermilion  and  a  similar  process  was  the  subject  of  a  subse- 
quent patent  taken  out  by  Clark.    The  pigment  can  be  made  in 
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two  modifications,  orange  and  red ;  the  former  by  precipitation 
with  sulphuretted  hydrogen,  the  latter  by  other  agents. 

(a)  Orange  Antimony. — Murdoch  dissolves  the  black  anti- 
mony in  hydrochloric  acid;  during  the  operation  some  sulphu- 
retted hydrogen  is  evolved  and  may  be  used  for  precipitating 
another  solution  previously  made ;  so  as  to  form  a  solution  of 
antimony  chloride,  which  is  concentrated  till  it  has  a  strength  of 
19°  Tw.  ;  through  it  is  then  passed  a  current  of  sulphuretted 
hydrogen  gas  which  precipitates  the  sulphide  of  antimony  as  an 
orange  powder,  which,  after  being  well  washed  and  dried,  is  ready 
for  use. 

Fig.  17  shows  a  convenient  form  of  apparatus  for  precipitating 
antimony  vermilion.  A  is  a  vessel  made  of  wood,  lined  with 
lead,  and  fitted  with  a  lid  which,  while  being  removable  to  admit 
of  the  sulphide  of  iron  used  for  the  preparation  of  the  gas,  can 


Fig.  17. — Apparatus  for  making  antimony  vermilion. 

yet,  by  means  of  india-rubber  joints,  be  made  gastight ;  B  is  a 
funnel  for  the  admission  of  acid ;  C  is  a  two-necked  bottle  filled 
with  water  to  wash  the  gas  as  it  comes  over,  D,D,D,  are  three- 
necked  bottles  (whose  construction  is  shown  in  the  drawing),  con- 
taining the  solution  of  antimony  through  which  the  gas  is  passed. 
The  most  convenient  method  of  preparing  the  gas  is  by  the  action 
of  dilute  sulphuric  acid  on  sulphide  of  iron. 

By  varying  the  strength  of  the  antimony  solution  the  shade  of 
the  resulting  pigment  can  be  varied  to  some  extent ;  thus,  a  solu- 
tion of  19°  Tw.  gives  an  orange-red;  one  of  40°  Tw.,  a  reddish- 
orange  j  while  one  of  52°  Tw.  gives  an  orange  colour.  When 
strong  solutions  are  used  the  precipitate  is,  however,  liable  to 
contain  free  sulphur,  which  is  sometimes  objectionable  as  it  may 
cause  decolourisation  of  the  pigment. 

(b)  Scarlet  Antimony. — 1.  Mathieu  Plessy  Process. — This  con- 
sists in  precipitating  a  solution  of  chloride  of  antimony  with  a 
solution  of  sodium  thiosulphate  (hyposulphite  of  soda)  under 
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certain  conditions.  A  solution  of  chloride  of  antimony  of  40° 
Tw.  is  prepared.  The  ordinary  commercial  chloride  is  a  liquid  of 
about  1*26  (52°  Tw.)  specific  gravity;  if  this  is  diluted  with 
water  in  the  proportion  of  5  vols,  of  the  chloride  to  2  vols,  of 
water,  a  solution  of  about  40°  Tw.  will  be  obtained.  A  solution 
of  sodium  thiosulphate  of  40°  Tw.  is  also  prepared ;  this  will  take 
about  14i  ozs.  weight  of  the  salt  to  25  ozs.  measure  of  water. 

7i  gallons  of  the  thiosulphate  solution  are  taken,  and  into  them 
are  poured  3  gallons  of  the  antimony  solution;  a  black  precipitate 
forms  at  first,  but  this  disappears  rapidly.  The  liquid  mixture 
is  now  gently  heated;  when  the  temperature  reaches  about  78° 
to  90°  F.  a  yellow  precipitate  begins  to  form  ;  as  the  temperature 
increases  the  colour  changes,  passing  through  various  shades  of 
orange  till  at  about  130°  to  140°  F.  it  acquires  a  scarlet-red 
colour ;  the  operation  is  now  stopped  and  the  mass  allowed  to 
cool  down ;  when  cold,  the  clear  supernatant  liquor  is  poured  off, 
water  containing  a  trace  of  hydrochloric  acid  is  poured  on  to  the 
precipitate,  which  is  stirred  up ;  after  which  the  mass  is  allowed 
to  stand  to  settle,  the  top  liquor  poured  off,  and  the  colour 
washed  with  water  two  or  three  times ;  it  is  now  dried  at  a  low 
temperature  (about  140°  F.),  and  when  dry  is  ready  for  use. 

During  the  process  of  precipitation  a  very  considerable  evolu- 
tion of  sulphur  dioxide  gas  takes  place ;  therefore,  the  operation 
should  be  carried  on  in  a  place  and  under  conditions  where  the 
gas  cannot  cause  inconvenience. 

2.  Wagner^s  Process, — 4  lbs.  of  tartar  emetic  and  3  lbs.  of 
tartaric  acid  are  dissolved  in  18  lbs.  of  water,  and  the  solution 
heated  to  140°  F.,  a  solution  of  sodium  thiosulphate  of  40° 
Tw.  added  thereto,  and  the  mixture  heated  to  180°  F.  The 
red  is  gradually  precipitated,  and  when  fully  formed  is  washed 
with  water  and  dried. 

In  drying  antimony  vermilion  it  is  important  that  the 
temperature  be  kept  low,  and  not  be  allowed  to  rise  above 
160"  F. 

The  colour  of  the  scarlet  antimony  powder  is  rather  dull,  but 
it  becomes  bright  when  mixed  with  oil  or  water. 

PROPERTIES  OF  ANTIMONY  VERMILION.— Anti- 

mony  orange  is  a  light,  bulky,  orange-coloured  powder,  while 
antimony  vermilion  is  a  scarlet  powder  rather  heavier  than 
the  orange  variety.  Both  pigments  have  practically  the  same 
properties ;  they  are  not  attacked  by  dilute  acids,  but  strong 
nitric  acid  gradually  decomposes  them,  with  the  formation 
of  white  antimonic  oxide  and  sulphuric  acid.  Strong  hydro- 
chloric acid  has  little  action  in  the  cold,  but  when  boiling 
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gradually  dissolves  them  with  the  formation  of  chloride  of  anti- 
mony and  evolution  of  sulphuretted  hydrogen.  Caustic  soda  and 
potash  when  boiled  dissolves  the  colour,  which  is  re-precipitated 
as  an  orange  precipitate  on  the  addition  of  an  acid ;  ammonia 
has  little  action ;  lime  has  a  similar  action  to  soda. 

Both  the  orange  and  red  forms  are  rather  dull  in  the  pulveru- 
lent state,  but  when  mixed  with  oil  or  water  they  become  bright; 
being  opaque  they  have  a  good  body  or  covering  power,  and  mix 
well  with  oil,  but  cannot  be  used  with  alkaline  vehicles,  like 
lime  or  silicate  of  soda,  which  have  a  decolourising  action.  They 
are  unalterable  by  air  or  light,  or  by  deleterious  atmospheric 
agents. 

They  can  be  mixed  with  all  those  pigments  which  are 
unaffected  by  sulphur. 

COMPOSITION    OF    ANTIMONY  VERMILION.— 

Pure  sulphide  of  antimony,  Sb2  S3,  has  the  following  percentage 
composition  : — 

Antimony,  71*42 

Sulphur,  28-28 

100-00 

The  antimony  pigments  are  liable  to  contain  free  sulphur, 
especially  those  which  are  made  with  sulphuretted  hydrogen. 
The  following  is  an  analysis  of  an  orange  antimony  : — 

Moisture,   2-200  per  cent. 

Sulphur,   40-557 

Antimony,   56-990  ,, 

99-747 

from  which  it  will  be  seen  that  the  sulphur  is  greatly  in  excess 
of  that  required  by  theory,  so  that  some  of  it  must  be  in  the 
free  condition. 

The  red  antimony  vermilions  approach  more  closely  to  the 
theoretical  composition,  as  will  be  evident  from  the  following 

analyses  : — 

a.  b. 

Water,  1*1  4  227 

Sulphur,   26-7  27-103 

Antimony,   72*2  68-670 

100  0  100-000 

the  latter  analysis  by  the  author  is  of  an  English  made  sample, 
the  other  analyses  are  taken  from  a  foreign  work  on  pigment- 
m  akin  Of. 
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The  presence  of  free  sulphur  in  these  pigments  is  likely  to 
be  a  cause  of  want  of  permanence  when  used  as  a  pigment. 

ANALYSIS  AND  ASSAY. — For  practical  purposes  it  is  not 
necessary  to  make  a  complete  analysis  of  antimony  vermilions. 
They  are  liable  to  adulteration  by  red  lead,  oxide  of  iron,  or 
chrome  orange.  Red  lead  would  be  shown  by  the  colour  dark- 
ening when  treated  with  hydrochloric  acid,  and,  after  solution, 
by  crystals  of  chloride  of  lead  separating  out  on  cooling,  and  the 
ap{)lication  of  the  usual  tests  for  lead.  Oxide  of  iron  can  be 
distinguished  by  the  solution  in  hydrochloric  acid  having  a 
yellow  colour  and  giving  the  characteristic  tests  for  iron ; 
chrome  orange  can  be  detected  by  the  colour  of  the  acid  solution 
being  green  and  giving  the  tests  for  lead  and  chromium. 

Antimony  vermilions  should  be  assayed  for  colour,  both  in 
the  form  of  powder  and  when  mixed  with  oil,  and  for  covering 
power  by  the  usual  methods. 

BRILLIANT  SCARLET  is  the  name  given  to  the  iodide  of 
mercury,  Hg  Ig,  prepared  by  carefully  precipitating  a  solution  of 
mercuric  chloride  with  a  solution  of  potassium  iodide ;  it  has  a 
brilliant  scarlet  colour,  but  is  very  fugitive.  It  is  rarely  used 
as  a  pigment. 

DERBY  RED  is  the  basic  chromate  ot  lead ;  its  preparation 
and  properties  will  be  found  on  p.  130,  et  seq. 

The  CHROMATE  OP  MERCURY  has  been  used  as  a  red 
pigment  and  is  prepared  by  precipitating  a  solution  of  mercuric 
chloride  with  potassium  chromate ;  its  cost  and  want  of  per- 
manence has  caused  it  to  become  obsolete  as  a  pigment. 

The  CHROMATE  OF  SILVER  has  been  proposed  as  a  pig- 
ment ;  it  has  a  dark  red  colour  and  is  prepared  by  precipitating  a 
solution  of  silver  nitrate  with  a  solution  of  potassium  chromate. 
It  is  costly  and  fugitive. 

The  CHROMATE  OF  COPPER,  a  dark  red  coloured  body 
prepared  by  precipitating  solutions  of  copper  with  potassium 
chromate,  has  also  been  suggested,  and  probably  used  on  a  small 
scale,  as  a  pigment ;  but  it  is  fugitive,  and,  therefore,  cannot  be 
recommended  for  this  purpose. 

MAGNESIA  PINK,  prepared  by  calcining  a  mixture  of 
magnesia  and  cobalt  nitrate,  has  been  little  used  ;  it  has  but  a 
pale  colour  and  little  body,  although  probably  permanent. 

HEAT  INDICATING  PIGMENT.— The  brilliant  scarlet 
pigment,  iodo-mercurate  of  copper,  Hg  Cu^  I^,  is  very  sensitive 
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to  heat.  It  is  prepared  by  adding  a  solution  of  sulphate  of 
copper  to  a  boiling  solution  of  Mayer's  reagent ;  a  black  pre- 
cipitate is  thrown  down,  which  turns  bright  scarlet  on  cooling. 
At  temperatures  above  150°  F.  it  becomes  black,  turning  red 
on  cooling. 

Mayer's  solution  is  made  by  dissolving  13J  ounces  of  mercuric 
chloride  (corrosive  sublimate)  and  50  ounces  of  potassium  iodide 
in  50  pints  of  water. 
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CHAPTER  IV. 
YELLOW  AND  ORANG-E  PIGMENTS. 

There  is  a  fairly  large  list  of  yellow  and  orange  pigments 
derived  from  the  vegetable,  animal,  and  mineral  kingdoms, 
the  most  important  being  the  chromes  and  ochres ;  the  others  are 
only  used  in  small  quantities. 


THE  CHROMES. 

The  chromes,  as  they  are  generally  called,  are  a  very  important 
group  of  pigments  varying  in  colour  from  a  pale  yellow  through 
deep  yellow,  orange  to  bright  red,  and  sold  under  a  variety  of 
names — primrose-chrome,  lemon-chrome,  chrome-yellow,  orange- 
chrome,  scarlet -chrome,  chrome-red,  Derby-red,  American- 
vermilion,  &c.  The  base  of  all  these  chrome  pigments  is  the 
chromate  of  lead,  Pb  Cr  O^,  and  its  basic  derivative  Pb  O,  PbCrO^. 

Chromate  of  lead  is  capable  of  existing  in  the  form  of  acid, 
normal  and  basic  modifications :  to  the  colour  maker,  only  the 
last  two  are  of  any  interest). 

The  normal  chromate  of  lead  is  a  deep-yellow  coloured  body 
having  the  composition 

Lead,   63*99  per  cent. 

Chromium,  16-23  „ 

Oxygen,     .       .       .       .       .       .  19'78 

100-00 

or 

Lead  oxide,  Pb  O,      .       .       •      •       68  '93  per  cent. 
Chromium  oxide,  CrOs,     .       .       .       31-07  ,, 

100  00 

It  is  obtained  as  a  bright  yellow  precipitate  by  adding  a 
solution  of  bichromate  of  potash  to  one  of  acetate  of  lead  ;  the 
reaction  is  shown  in  the  following  equation  : — 

Pb  2  CgHg     +  Kg  Cv2  O7  +  H2  0  =  2  Pb  Cr  O4  +  2  K  Cg  H3  O2 
+  2HC2H3O2. 

9 
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Nitrate  of  lead  may  be  used  instead  of  the  acetate,  when  the 
reaction  becomes 

2Pb2N03  +  KaCrgOy  +  H2O  =  2PbCr04  +  2KNO3  +  2HNO3. 

From  the  above  equations  the  equivalent  quantities  of  the  two 
compounds  can  be  calculated,  and  are  as  follows  : — 650  parts  of 
lead  acetate  or  662  parts  of  lead  nitrate  are  equal  to  295  parts 
of  potassium  bichromate,  or  100  parts  of  lead  nitrate  require 
44*5  parts  of  potassium  bichromate,  w^hile  100  parts  of  lead 
acetate  require  38*9  parts  of  potassium  bichromate  to  precipitate 
them. 

Lead  chromate  is  insoluble  in  acetic  acid  and  water,  but 
soluble  in  moderately  concentrated  nitric  or  hydrochloric  acids. 
When  treated  with  a  large  excess  of  caustic  potash  or  soda 
it  dissolve,?,  but  when  heated  with  a  small  quantity  of  the  alkalies 
it  is  converted  into  the  basic  chromate,  Pbg  Cr  O5.  Heated  alone 
it  first  turns  reddish-brown,  and,  finally,  becomes  greenish-grey 
with  evolution  of  oxygen,  while  a  mixture  of  the  oxides  of  lead 
and  chromium  are  left  behind. 

It  has  a  specific  gravity  of  5*653. 

The  formation  of  the  basic  chromate  from  the  normal  chromate 
is  shown  in  the  equation 

2Pb Cr04  +  2NaOH  =  Na2Cr04  +  2Pb.PbO.  Cr O4. 

It  is  a  scarlet-red  powder  of  somewhat  crystalline  structure, 
with  a  specific  gravity  of  6-266  ;  by  friction  it  loses  its  crystalline 
form  and  changes  colour,  becoming  orange ;  in  other  properties 
it  resembles  the  normal  chromate.  It  has  the  following  com- 
position : — 

Lead,   75*75  per  cent. 

Chromium,  9*61  ,, 

Oxygen,  14*64 


100*00 


or 


Lead  oxide,  Pb  0, 
Chromium  trioxide,  Cr  0^ 


81  '61  per  cent, 
18-39 


100*00 


Both  the  normal  and  basic  chromates  when  boiled  with  strong 
sulphuric  acid  are  decomposed,  lead  sulphate  and  chromium  sul- 
phate being  formed  and  oxygen  evolved.    Strong  hydrochloric 
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acid  on  boiling  dissolves  them,  chlorine  is  evolved,  and  a  green 
solution  of  lead  and  chromium  chlorides  formed,  from  which,  on 
cooling,  the  lead  chloride  separates  out.  When  boiled  with  solu- 
tions of  the  alkaline  carbonates,  the  chromates  are  decomposed, 
white  carbonate  of  lead  being  formed  and  a  solution  of  the 
alkaline  chromate  obtained.  When  boiled  with  solutions  of 
caustic  soda  or  potash  the  lead  chromates  dissolve ;  on  adding 
acetic  acid  to  this  solution  a  yellow  precipitate  of  the  normal 
chromate  is  obtained. 

MANTJFACTURE  OF  LEAD  CHROMES.— In  commerce 
the  pigments  having  chromate  of  lead  as  the  base  are  met  with 
in  a  very  great  variety  of  shades  from  a  very  pale  primrose-yellow 
to  a  deep  red ;  as  a  rule,  the  deep  shades  are  almost  chemically 
pure,  but  the  pale  shades  are  obtained  by  mixing  the  pure 
chromate  with  the  requisite  quantity  of  a  white  base,  such  as 
sulphate  of  lead,  barytes,  gypsum,  (fee. ;  what  are  called  "  pure 
chromes  "  in  the  trade  contain  sulphate  of  lead,  while  the  com- 
mon chromes  contain  this  body  with  barytes  or  some  other  white 
base  in  addition. 

The  preparation  of  these  pigments  may  be  grouped  under  three 
heads  : — 

1st.    Preparation  of  chrome-yellows. 

2nd.  Preparation  of  chrome-oranges  and  scarlets. 

3rd.  Preparation  of  chrome-reds. 

The  same  plant  may  be  used  in  the  preparation  of  all  these 
chromes. 

The  best  form  is  that  shown  in  Fig.  18  which,  in  its  simplest 
form,  consists  of  three  tubs  made  of  hard  wood ;  one  of  these, 
the  largest,  C,  is  placed  on  the  floor,  while  the  other  two  are 
placed  above  it  on  a  small  platform,  P.  In  these  two  tubs 
(D  D  of  the  Fig.)  are  dissolved  the  salts  used,  the  bichromate 
of  potash  and  other  precipitants  in  one,  the  lead  salt  in  the 
other  ,  care  being  taken  always  to  use  the  same  tub  for  the 
same  material.  These  tubs  may  measure  3  ft.  6  in.  by  2  ft. 
6  in.  ;  they  will  hold  about  107  gallons  each.  The  larger  tub, 
C,  may  measure  about  4  ft.  in  diameter  by  3  ft.  high,  and 
will  hold  about  176  gallons.  In  this  tub  the  colour  is  formed, 
and  may,  therefore,  be  called  the  precipitating  or  colour  tub. 
The  contents  of  D  D  may  be  heated  by  an  arrangement  of 
steam  pipes,  S  S,  and  the  colour  tub  should  also  be  provided 
with  a  steam  pipe,  so  that  its  contents  can  be  heated  up  if 
required.    At  the  bottom  of  D  D  are  plugs,  on  opening  which 
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the  contents  can  be  run  into  the  colour  tub,  C.  For  the  purpose 
of  running  off  the  liquor  from  the  precipitated  colour  in  C,  the 
latter  is  provided  with  a  number  of  holes,  H,  H,  H,  H,  at  various 
heights  in  its  side  fitted  with  plugs,  any  one  of  which  may  be 
drawn  out  to  permit  the  water  or  liquor  to  run  away. 

In  a  plant  of  this  kind  about  2  cwt.  of  chrome  may  be  made  at 
one  batch.  It  is  advisable  to  provide  several  such  sets  of  plant, 
which  may  be  arranged  as  shown  in  the  drawing,  in  which  case 
one  of  the  solution  tubs,  D,  may  be  used  along  with  two  colour 
tubs,  C  0. 

1st.  PBEPARATION  OF   CHROME- YELLOWS.— The 

number  of  recipes  which  are  in  use  for  preparing  chrome-yellows 


s 


Fig.  18, — Plant  for  preparing  chrome-yellow. 


is  legion.  Most  colour-makers  will  produce  from  6  to  10  or 
12  shades,  and  it  is  quite  probable  that  the  recipes  in  use  in 
different  works  for  producing  what  is  nominally  the  same  shade 
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differ  very  much.  Under  these  circumstances  it  will  be  best  to 
describe  the  production  of  a  few  of  the  more  prominent  shades, 
and  point  out  how,  by  various  modifications  in  the  recipes,  others 
can  be  obtained. 

All  the  chrome-yellows  are  prepared  by  a  comparatively  simple 
and  easily-conducted  process  of  precipitation.  These  colours  are 
admixtures  of  pure  normal  lead  chromate,  with  either  sulphate 
of  lead  (in  which  case  the  resulting  colour  is  still  called  *^pure") 
or  with  barytes,  gypsum,  or  some  other  white  base. 

Sulphate  of  lead  is  produced  along  with  the  chromate  by 
precipitation,  using  either  sulphate  of  soda  or  sulphuric  acid 
as  the  precipitant,  while  the  barytes,  &c.,  is  added  to  the 
colour  as  it  is  being  made. 

The  method  of  preparing  the  chromes  is  this : — The  lead  salt, 
either  the  acetate  or  nitrate,  is  dissolved  in  a  tank,  D,  Fig.  18, 
with  the  necessary  quantity  of  water ;  heat  may  be  used  to 
facilitate  solution,  if  thought  desirable,  but  the  actual  precipita- 
tion is  done  cold.  In  another  tank,  D,  Fig.  18,  is  dissolved  either 
bichromate  of  potash  or  bichromate  of  soda  and  sulphate  of  soda 
(Glauber's  salt).  As  the  commercial  products  are  liable  to  be 
dirty,  the  solutions  must  be  either  filtered  or  allowed  to  settle 
in  the  tanks,  and  the  clear  supernatant  liquor  only  used ;  when 
both  solutions  are  ready  they  are  run  simultaneously  into  the 
precipitating  tank  0,  Fig.  18,  where  the  chrome-yellow  is  pre- 
cipitated, and  is  allowed  to  settle  to  the  bottom  of  the  tank ; 
the  clear  top  liquor  is  run  ofi*  by  opening  one  of  the  plugs,  H, 
fresh  water  run  in,  the  whole  stirred  up  and  again  allowed  to 
settle,  and  the  clear  liquor  run  off.  The  washing  is  repeated,  if 
thought  necessary ;  for  best  qualities  at  least  three  washings 
should  be  given.  After  the  washing  the  pulpy  colour  is  thrown 
on  to  an  ordinary  felt  filter,  or  put  into  the  filter-press  to  extract 
as  much  water  as  possible,  and  then  dried  in  a  stove  at  as  low  a 
temperature  as  possible. 

If  barytes  or  gypsum  be  used  to  tone  down  the  yellow  to  the 
required  shade  it  is  put  into  the  precipitating  tank  C  with  a 
quantity  of  water,  with  which  it  is  well  mixed,  so  as  to  get  a 
uniform  milky  mixture ;  then  the  two  precipitating  solutions, 
which  have  been  prepared  in  the  tanks  D  I),  are  run  in,  care 
being  taken  that  the  contents  of  tank  C  are  thoroughly  well 
agitated  all  the  time ;  afterwards  the  colour  may  be  finished  as 
before.  If  the  barytes,  &c.,  is  not  properly  mixed  there  is  great 
liability  for  it  to  aggregate  in  lumps,  and  the  proper  shade  is 
not  obtained;  besides  the  finished  colour  will  be  full  of  white 
masses. 
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"  Pure  "  Lemon-yellow. 


Lead  acetate  or  nitrate, 
Bichromate  of  potash  or  soda, 
Glauber's  salt  (sodium  sulphate), 


100  lbs. 
25  „ 
35  „ 


"  Pure  "  Chrome-yellow. 


Lead  acetate  or  nitrate. 
Bichromate  of  potash  or  soda, 
Glauber's  salt  (sodium  sulphate), 


100  lbs. 
30  „ 
21  „ 


"Pure"  Deep  Chrome-yellow. 

Lead  acetate  or  nitrate,  .... 
Bichromate  of  potash  or  soda, 


100  lbs. 

35  ,, 


To  obtain  fine  sbades  it  is  necessary  to  keep  the  lead  in  excess. 
Now,  theory  indicates  that  for  100  lbs.  of  lead  salt  39  lbs.  of 
potassium  bichromate  are  required;  in  practice,  however,  it  is 
found  that  if  the  full  theoretical  amount  is  used  then  the  shade 
of  the  colour  is  affected,  hence  it  is  not  advisable  to  use  more 
than  35  lbs. ;  the  above  recipes  have  been  based  on  this  amount, 
so  that  in  all,  the  lead  is  in  excess.  The  weaker  the  solutions 
used  for  precipitating,  the  finer  will  the  resulting  pigment  be. 

The  shade  of  the  pigment  obtained  depends  upon  the  propor- 
tion between  the  two  precipitants,  bichrome  and  Glauber's 
salt ;  the  more  sulphate  there  is  present  the  paler  will  be  the 
shade  of  yellow  obtained,  a  fact  which  can  be  gathered  by  an 
examination  of  the  above  and  other  recipes  (which  will  be 
given)  for  preparing  the  chrome-yeilows.  In  consequence,  the 
colour-maker  can,  by  altering  the  proportions  of  the  two  bodies, 
produce  almost  any  shade  of  yellow  he  may  want.  There  is  a 
direct  connection  between  the  quantities  of  the  two  bodies  and 
that  of  the  lead  salt  used ;  if  the  latter  be  kept  constant,  then, 
if  the  bichrome  is  increased,  the  quantity  of  Glauber's  salt  must 
be  decreased,  and  vice  versd,  so  that  no  loss  of  material  may 
result  in  making  the  chromes. 

The  following  equivalents  are  given,  so  that  the  relativ^e  pro- 
portions of  the  two  bodies  may  be  kept  correctly  when  the 
recipes  are  modified  to  produce  other  shades  than  those  given 
above  : — 

1  lb.  of  Glauber's  salt  is  equal  to  0*4  lb.  of  bichromate  of  potash. 
1  lb.  of  bichromate  of  potash  is  equal  to  2*5  lbs.  of  Glauber's  salt. 
The  difference  between  the  values  of  acetate  and  nitrate  of  lead 
is  so  small  that  in  practical  use  one  may  be  considered  equivalent 
to  the  other ;  and  the  same  remark  applies  to  the  bichromates  of 
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potash  or  soda.  The  above  equivalents  may  be  used  in  this 
way  : — Suppose  it  is  desired  to  make  a  yellow  intermediate  in 
shade  between  the  lemon-  and  chrome-yellows  given  above,  then 
2^  lbs.  less  bichromate  must  be  used  than  for  the  chrome-yellow. 
The  quantity  of  sulphate  equivalent  to  2|  lbs.  bichrome  required 
to  throw  down  all  the  lead  is  2^x2^==6i  ;  61  lbs.  of  Glauber's 
salt  must,  therefore,  be  added  to  replace  the  2 J  lbs.  of  bichrome 
taken  away. 

Cologne  yellow  is  the  name  originally  given  to  yellows  con- 
taining lead  chromate  and  sulphate,  and  made  by  precipitating 
with  a  mixture  of  potassium  bichromate  and  sulphuric  acid. 
Cologne  yellows  are  generally  made  in  two  or  three  shades,  pale 
to  deep. 

Pale  Cologne  Yellow.  Medium  Cologne  Yellow. 

Lead  acetate,  .       .       .100  lbs.        Lead  acetate,  .       .       .100  lbs. 
Potassium  bichromate,    .      17  ,,         Potassium  bichromate,   .      18  ,, 
Sulphuric  acid,      .       .      18  ,,         Sulphuric  acid,       .       .      12  ,, 

The  composition  of  this  sample  nearly  corresponds  to  the 
formula  Pb  Cr  0^  Pb  S  O^. 

Deep  Cologne  Yellow. 

Lead  acetate,  100  lbs. 

Potassium  bichromate,  .  .  .  .  25  ,, 
Sulphuric  acid,  13  ,, 

They  are  made  in  the  same  way  as  the  chrome-yellows  above  de- 
scribed, and  are  useful  to  mix  with  Prussian  blue  to  make  greens. 

American  Chrome-Yellow. — This  is  made  by  using  alum  in  the 
place  of  Glauber's  salt ;  the  product  is  a  fine  one,  the  alumina 
salt  seeming  to  have  a  beneficial  influence  on  the  fineness  of  the 
precipitate ;  still  care  is  required  in  using  alum,  as  otherwise 
there  may  be  a  difficulty  in  precipitating  the  pigments.  The 
following  recipes  will  give  some  idea  of  the  proportions  generally 
used  : — 


Deep. 

Medium. 

Pale. 

Lead  acetate, 

100 

100 

100 

Potassium  bichromate, 

20 

-.0 

20 

Alum,  .... 

100 

100 

100 

Barytes, 

40 

60 

80 

Gypsum, 

80 

Another  method  of  making  chromes  (which,  however,  is  rarely 
used)  is  to  take  white  lead,  treat  with  nitric  acid  so  that  part 
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only  of  the  white  lead  is  dissolved,  and  then  add  bichromate  of 
potash;  according  to  the  amount  of  white  lead  used  in  relation  to 
the  other  constituents,  so  will  the  shade  of  yellow  be ;  the  fol- 
lowing recipes  may  be  taken  as  examples; — 

For  Chrome-Yellow, — Take  200  lbs.  of  white  lead,  mix  with 
water  to  a  fine  paste,  and  then  add  40  lbs.  of  nitric  acid  of  1 42 
specific  gravity  (84°  Tw.) ;  when  all  effervescence  has  ceased 
more  water  is  added,  and  then  a  solution  of  35  lbs.  of  bichromate 
of  potash ;  the  yellow  formed  is  finished  in  the  usual  way. 

For  a  Deep  Lemon-Chrome. — Take  300  lbs.  of  white  lead,  treat 
with  water  and  40  lbs.  of  nitric  acid,  as  before,  and  precipitate 
with  35  lbs.  of  bichromate. 

A  cheaper  class  of  chrome-yellows  is  made  by  precipitating  the 
chromate  of  lead  on  to  a  white  base ;  barytes,  china  clay,  and 
whiting  hare  been  used  for  this  purpose.  When  well  made 
these  are  quite  as  good  to  use  as  the  technically  pure  chromes 
described  above,  although  the  preference  is  given  to  the  latter  by 
most  users. 

The  following  recipes  may  be  taken  as  standards  for  the 
preparation  of  these  cheap  chromes  : — 

Lemon  Chrome-yellow. 


Lead  acetate  or  nitrate,       .       .       .  100  lbs. 

Barytes,   400  „ 

Potassium  bichromate,         .       .       .  35  „ 

Chrome-yellow. 

Lead  acetate  or  nitrate,      .       .       .  100  lbs. 

Barytes,   200  ,, 

Potassium  bichromate,        .       .       .  35  ,, 

Deep  Chrome. 

Lead  acetate  or  nitrate,       .       .       .  100  lbs. 

Barytes,   75  ,, 

Potassium  bichromate,         .       .       .  35  ,, 


The  depth  of  shade  may  be  altered  at  will  by  varying  the 
amount  of  barytes  used :  an  increase  in  the  amount  reduces  the 
depth  of  shade,  while  a  reduction  in  the  amount  increases  the 
depth ;  the  quantities  of  the  other  materials  need  not  be  altered. 
The  method  of  working  has  already  been  given. 

China  clay  can  be  used  instead  of  barytes,  and  less  weight  of  it 
will  be  required  to  produce  any  given  shade  than  of  barytes, 
owing  to  the  china  clay  being  so  much  lighter  in  specific  gravity, 
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and,  therefore,  raore  bulky  weight  for  weight,  the  relative  power 
of  the  two  bodies  being  as  1  to  21  or  3 ;  that  is,  1  lb«  of  china 
clay  will  tone  down  chrome  as  much  as  2i  or  3  lbs.  of  barytes. 
Gypsum  may  also  be  used,  and  is  intermediate  between  china 
clay  and  barytes  in  its  toning  powers,  but  it  is  not  so  good  for 
this  purpose  as  the  other  two  bodies,  as  there  is  a  reaction 
between  the  gypsum  and  lead  salts  which  renders  it  impossible 
to  keep  the  lead  in  excess,  and  so  there  is  a  tendency  to  change 
the  shade  of  yellow  which  is  being  made  ;  when  nitrate  of  lead  is 
used  instead  of  acetate  this  action  of  gypsum  is  more  noticeable. 

Whiting  is  sometimes  used  to  tone  down  the  yellows  ;  for  pale 
shades  its  use  is  not  advisable,  and,  although  it  may  be  used  for 
deep  shades,  yet  the  other  whites  just  named  are  to  be  preferred. 
Being  somewhat  alkaline  in  its  reactions  and  liable  to  contain 
traces  of  caustic  lime,  from  being  overheated  in  the  process  of 
manufacture,  it  often  has  an  undesirable  tendency  to  turn  the 
shades  of  the  yellows  with  which  it  may  be  mixed  to  an  orange. 

When  barytes,  china  clay,  gypsum,  or  whiting  are  used  as 
toning  colours  it  is  advisable  to  grind  them  with  water  to  ensure 
perfect  admixture  with  the  other  ingredients  of  the  yellow. 

2nd.  PREPARATION  OF  CHROME-ORANGES  AND 
SCARLETS. — The  affinity  between  the  chromic  acid  on  the  one 
hand  and  of  the  lead  on  the  other  not  being  very  strong,  when 
the  chromates  of  lead  are  treated  with  a  stronger  base,  such  as 
soda  or  potash,  a  part  of  the  chromic  acid  is  eliminated,  and  a 
basic  chromate  of  lead  is  formed ;  this  reaction  is  expressed  by 
the  following  equation  : — 

2PbCr04  +  2]sraOH  -  Na2Cr04  +  PbOPb0rO4  +  H2O. 
Normal  lead  Sodium  Sodium  Basic  lead  Water, 

chromate.  hydroxide.  chromate.  chromate. 

The  basic  lead  chromate  has  a  deep  red  colour ;  if  the  action  of 
the  alkali  only  proceeds  to  a  limited  extent,  then  the  basic  red 
chromate  formed  combines  with  the  excess  of  yellow  normal 
chromate  giving  rise  to  an  orange-coloured  body,  which  is  a  mix- 
ture of  the  two  chromates  of  lead;  the  shade  of  the  orange 
pigment  thus  produced  will  depend,  to  a  large  extent,  upon  the 
amount  of  the  action  which  takes  place  between  the  normal 
chromate  and  the  alkali.  The  preparation  of  the  chrome-oranges 
and  scarlets  depends  upon  the  action  of  alkaline  bodies  upon  the 
normal  lead  chromate.  As  with  the  yellows  no  actually  chemi- 
cally-pure oranges  are  made  ;  the  technically-pure  colours  contain 
more  or  less  sulphate  of  lead,  while  the  common  colours  generally 
contain  barytes.     The  orange  and  scarlet  chromes  are  much 


138 


YELLOW  AND  ORANGE  PIGMENTS, 


easier  to  make  than  the  yellows,  as  the  conditions  of  making  are 
more  favourable  to  the  production  of  orange  shades  than  they  are 
of  the  yellow  shades.  This  is  partly  owing  to  the  fact  that  these 
colours  are  made  at  a  high  temperature,  while  with  the  yellows 
it  is  necessary  to  keep  the  mass  as  cold  as  possible,  if  good 
yellows  are  to  be  obtained. 

1.  Pure  Chrome-orange. — (a)  100  lbs.  of  lead  acetate,  35 
lbs.  of  bichromate  of  potash  or  soda,  and  9  lbs.  of  caustic  soda 
(77  per  cent.*)  are  separately  dissolved  in  water;  the  lead  solution 
is  run  into  the  precipitating  tank,  the  bichromate  run  in  and 
chrome-yellow  precipitated ;  this  is  allowed  to  settle,  the  clear 
top  liquor  run  off  and  then  the  caustic  liquor  run  on  to  the 
yellow  ;  the  mixture  is  heated  until  the  desired  shade  is  obtained ; 
the  orange  is  allowed  to  settle,  the  top  liquor  run  off,  and  the 
colour  washed  with  water  two  or  three  times,  and  when  dried 
is  ready  for  use.  This  recipe  will  give  a  pure  chrome- 
orange. 

(6)  A  cheaper  method  of  making  orange  is  as  follows : — 100 
lbs.  of  lead  acetate,  30  lbs.  of  bichromate  of  potash  or  soda,  and 
21  lbs.  of  Glauber's  salt  are  used  to  make  the  chrome-yellow  in 
the  manner  described  above  (p.  133).  In  another  vessel  10  lbs. 
of  quicklime  are  slaked  to  a  thin  cream  ;  when  ready  this  is 
strained  through  a  sieve,  so  as  to  free  it  from  any  gritty  particles, 
on  to  the  chrome-yellow ;  the  mass  is  now  boiled  (about  an  hour 
being  generally  required)  until  the  colour  has  changed  to  an 
orange ;  the  orange  is  finished  as  before. 

The  first  of  the  above  recipes  will  give  a  deep  orange,  the 
second  a  paler  one  ;  by  varying  the  quantity  of  lead  sulphate  in 
the  yellow,  which  is  done  by  using  more  or  less  Glauber's  salt, 
the  shade  of  orange  can  be  altered  at  wilL  The  shade  is  also 
modified  by  the  quantity  of  alkali  used  and  the  length  of  time 
the  colour  is  boiled ;  the  more  alkali  and  the  longer  the  boil  the 
darker  will  the  orange  be. 

2.  Common  Chrome-orange. — (a)  Pale  Orange. — Make  a 
yellow  as  described  above  from  lead  acetate  100  lbs.,  barytes 
200  lbs.,  and  bichromate  35  lbs.;  then  add  10  lbs.  of  quick- 
lime freshly  slaked  ;  boil  till  the  shade  has  been  developed,  wash 
and  dry  the  pigment. 

(6)  Deep  Chrome, — Prepare  a  yellow  from  100  lbs.  of  lead 

*  77  per  cent,  caustic  soda  is  nearly  chemically  pure ;  it  is  made  by  two 
firms  in  this  country ;  if  the  more  common  and  weaker  makes  of  caustic 
are  used,  then  a  proportionately  larger  quantity  of  them  must  be  taken ; 
10  lbs.  of  77  per  cent,  soda  are  equal  to  11:^  lbs.  of  68  per  cent,  soda  or 
to  13  lbs.  of  60  per  cent. 
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acetate,  75  lbs.  of  barytes,  and  35  lbs.  of  bichromate ;  then  boil 
with  10  lbs.  of  freshly-slaked  lime  and  finish  as  usual. 

The  shade  of  the  orange  is  modified  by  the  quantity  of  barytes, 
which  may  be  used  in  proportion  to  the  other  constituents ;  the 
amount  of  alkali  used  and  the  length  of  the  boil  also  have  some 
influence.  Gypsum  or  china  clay  may  be  used  instead  of  barytes 
if  required. 

3.  Pure  Scarlet- chrome. — (a)  Dissolve  100  lbs.  of  lead  salt, 
35  lbs.  of  bichrome,  and  12J  lbs.  of  caustic  soda  (77  per  cent.), 
each  separately  in  water.  Add  the  bichrome  solution  to  the 
lead  solution,  allow  the  yellow  precipitate  to  settle,  run  off 
the  clear  top  liquor,  then  add  the  caustic  solution  and  boil  up 
the  mixture,  continuing  the  boil  until  the  required  scarlet  shade 
has  been  fully  developed ;  then  wash,  dry,  and  finish  the  pigment 
in  the  usual  way. 

(b)  100  lbs.  of  white  lead  are  mixed  into  a  paste  with  water, 
30  lbs.  of  bichromate  of  potash  and  12^  lbs.  of  caustic  soda  (77 
per  cent.)  are  dissolved  in  water,  these  two  bodies  being  mixed 
together ;  when  ready  the  two  solutions  are  mixed  and  boiled 
until  the  scarlet  colour  is  developed  ;  the  pigment  is  now  finished 
in  the  usual  way. 

(c)  See  chrome-red,  Runge's  process. 

3rd.  PREPARATION  OF  CHROME-RED.—This  body  is 
also  known  as  Persian  red,  Derby  red,  American  vermilion, 
Chinese  red,  Victoria  red,  chrome-red,  &c.  It  is  the  basic 
chromate  of  lead,  Pb  O,  Pb  Cr  O^,  whose  composition  and  pro- 
perties and  principles  of  manufacture  have  already  (p.  130)  been 
dealt  with. 

Prejoaration  of  Chrome-red, — (a)  To  make  this  pigment  100  lbs. 
of  white  lead  are  mixed  with  water  into  a  fine  paste  ;  50  lbs.  of 
potassium  bichromate  and  15  lbs.  of  caustic  soda  (77  per  cent.) 
are  dissolved  in  water  and  mixed  with  the  lead,  and  the  whole 
boiled  until  the  colour  is  properly  developed  ;  the  pigment  is 
allowed  to  settle,  the  top  liquor  poured  ofi*^  and  the  red  washed, 
dried,  and  finished  as  usual. 

(h)  Runge's  Method.  —  Runge  has  described  the  following 
method  for  preparing  chrome-red : — 448  lbs.  of  litharge  are 
intimately  mixed  with  60  lbs.  of  salt  (sodium  chloride)  and 
50  gallons  of  water ;  the  mixture  is  allowed  to  stand  for  four 
or  five  days,  stirring  at  intervals  during  that  time,  and  adding 
w^ater  if  the  mass  exhibits  a  tendency  to  set  hard ;  at  the  end  of 
the  time  stated  a  semi-solid  greyish  mass  will  be  obtained. 
150  lbs.  of  bichromate  of  potash  are  now  added,  and  the  mass 
boiled  for  about  two  hours.    The  pigment  formed  is  finished  in 
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the  usual  way.  This  process  has  not  given  good  results  in  the 
hands  of  the  author ,  a  scarlet-red  is  the  deepest  colour  that 
could  be  got,  which  is  too  pale  for  chrome-red. 

(c)  Prinvalt's  Process. — The  best  process  which  the  author 
has  tried  for  preparing  chrome-red  is  that  of  Prinvalt,  which  is 
carried  out  thus  : — Two  equivalents  (100  lbs.)  of  white  lead,  one 
equivalent  of  potassium  chromate,  K2  Or  O4  (30  J  lbs.  of  potassium 
bichromate  neutralised  with  caustic  potash),  and  50  gallons  of 
water  are  mixed  together  and  allowed  to  stand  for  two  days ; 
the  mixture  being  stirred  up  at  intervals.  The  mass  is  now 
boiled  for  half  an  hour  or  so  until  the  red  colour  develops ;  it  is 
allowed  to  settle,  the  top  liquor  run  off,  and  the  colour  washed 
twice  with  water  and  once  with  weak  sulphuric  acid  (4  lbs.  in 
40  gallons  of  water),  then  dried. 

PROPERTIES  OF  THE  LEAD  CHROMES.— The 
chemical  properties  of  these  colours  have  been  already  (p.  130) 
described,  so  that  it  is  only  necessary  here  to  deal  with  them 
so  far  as  their  properties  as  pigments  are  concerned. 

The  lead  chromes  are  pigments  of  considerable  brilliance  of 
hue,  and  their  covering  power  or  body  is  very  great,  being 
superior  to  that  of  all  other  yellow  colours,  so  that  it  is  very 
difficult  to  find  substitutes  for  them.  The  texture  of  these 
pigments  is  usually  very  fine,  but  there  is  considerable  difference 
between  the  products  of  different  makers  in  this  respect.  When 
well  made  they  are  very  durable  colours,  exposure  to  all  the 
ordinary  atmospheric  influences — heat,  light,  air,  and  moisture — 
having  very  little  injurious  action  on  them.  Sulphuretted  hydro- 
gen and  sulphur  compounds  turn  them  black,  owing  to  the 
formation  of  the  black  sulphide  of  lead ;  some  samples  show  a 
tendency  to  acquire  a  green  hue  when  mixed  witL  oil,  which  is 
due  to  an  action  between  the  chromic  acid  of  the  colour  and  the 
oil ;  probably  in  most  cases  when  this  occurs  the  action  has 
been  set  up,  in  the  first  instance,  by  a  small  quantity  of  alkaline 
chromate  left  in  the  colour  owing  to  defective  washing,  and  this 
having  a  powerful  action  upon  the  oil  oxidises  it,  and,  at  the 
same  time,  turns  it  green ;  this  action  having  once  been  set  up 
gradually  extends  throughout  the  mass  of  colour  affected.  This 
defect  is  more  likely  to  happen  with  the  oranges,  scarlets,  and 
reds  than  with  the  yellows. 

The  chromes  are  capable  of  being  mixed  with  a  large  number 
of  other  pigments  without  being  themselves  affected  or  affecting 
others.  It  is  not  advisable  to  mix  the  chromes  with  pigments 
like  ultramarine  and  cadmium  yellow,  which  contain  sulphur,  as 
the  mixture  is  apt  to  take  a  reddish  tone  owing  to  the  formation 
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of  a  black  sulphide  of  lead.  Highly  basic  colours  should  not  be 
mixed  with  chromes,  as  then  they  turn  orange.  Chrome-yellows 
do  not  work  well  with  whiting  in  distemper  work,  as  they 
sometimes  turn  orange  ^  but  the  oranges  and  reds  may  be  so 
used. 

Chrome-yellow  cannot  be  used  along  with  lime  or  silicate  of 
soda,  or  other  alkaline  vehicle,  as  these  will  turn  them  orange. 
The  red  seems  to  have  a  crystalline  nature  which  it  will  lose  by 
friction;  in  doing  so,  it  turns  of  an  orange  colour;  care  must, 
therefore,  be  taken  not  to  grind  the  red  too  much. 

ASSAY  AND  ANALYSIS  OP  THE  LEAD  CHROMES. 
— As  there  is  such  a  great  variation  in  the  chrome  colours,  and 
one  maker's  lemon-chrome  may  differ  from  another  maker's  lemon- 
chrome,  it  is  important  to  assay  the  chromes  for  colour,  covering 
power,  softness,  and  freedom  from  grit.  The  methods  of  assay 
will  be  found  in  Chapter  X.  Chrome-yellows  are  rarely  adulter^ 
ated,  in  a  sense,  as  there  is  no  cheaper  yellow  of  an  equal 
brilliance  of  colour ;  the  only  colour  which  could  be  used  is 
yellow  ochre,  but  such  use  is  not  practicable.  An  analysis  of  the 
chrome  colours  is  rarely  required ;  for  a  scheme  for  such  an 
analysis  reference  may  be  made  to  the  Oil  and  Colourman^s 
Journal  for  September,  1888,  or  to  the  Chemical  News^  December 
31,  1886.  The  following  scheme  of  analysis,  based  on  the  one 
there  given,  gives  satisfactory  results  : — 

For  Moisture, — Weigh  out  2  grammes,  dry  in  an  air  oven  at 
110*  to  120**  0.  for  a  few  hours,  and,  after  allowing  to  cool,  again 
weigh;  the  loss  of  weight  shows  the  amount  of  moisture  originally 
present. 

For  Lead. — Weigh  out  2  grammes  of  the  chrome,  add  10  to  15 
cc.  of  strong  sulphuric  acid,  heat  until  the  chrome  is  completely 
decomposed,  allow  to  cool,  dilute  with  water,  add  a  little  alcohol, 
filter,  wash  the  precipitate  well,  mixing  the  first  wash  waters 
with  the  main  filtrate,  then  dry,  ignite,  and  weigh  the  precipitate 
or  residue  in  a  porcelain  crucible.  This  residue,  if  the  chrome 
be  pure,  consists  of  lead  sulphate,  Pb  S  ;  but  if  the  chrome 
contain  barytes  or  china  clay,  the  residue  will  also  contain  those 
bodies.  The  amount  of  these,  as  ascertained  by  another  operation, 
is  deducted  to  find  the  weight  of  lead  sulphate.  This  should  be 
calculated  to  lead  oxide  by  multiplying  by  0*736. 

For  Chromium.  — Boil  the  filtrate  from  the  lead  until  all  the 
alcohol  has  been  driven  off ;  then  add  ammonia  in  slight  excess 
and  boil  well  until  the  liquor  is  colourless;  then  filter,  wash,  dry, 
ignite,  and  weigh  as  usual.  The  residue  on  the  filter  is  chromic 
oxide,  Crg  O^,  and  from  its  weight  the  quantity  of  lead  chromate, 
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Pb  Cr  O4,  in  the  chrome-yellow  may  be  calculated  by  multiplying 
by  4*23.  The  amount  of  lead  oxide  corresponding  to  this  can  be 
calculated  by  multiplying  by  2*9. 

For  Lead  Sulphate  and  Barytes. — Weigh  out  2  grammes,  boil 
with  strong  hydrochloric  acid  until  the  chrome  is  completely  de- 
composed ;  any  insoluble  residue  is  barytes  or  china  clay ;  this 
can  be  filtered  off,  care  being  taken  to  filter  while  boiling  and  to 
wash  the  residue  on  the  filter  with  boiling  water,  so  as  to  prevent 
the  precipitation  of  lead  chloride  from  the  solution.  The  residue, 
after  drying,  is  weighed  in  the  usual  way.  The  filtrate  from  the 
barytes  (or  the  solution  in  the  acid,  if  there  be  no  barytes)  is 
boiled,  and  then  barium  chloride  is  added ;  the  precipitate  of 
barium  sulphate  is  filtered  while  boiling  and  well  washed  with 
boiling  water  ;  it  is  dried,  ignited,  and  weighed  as  usual.  From 
its  weight  the  amount  of  lead  sulphate  in  the  chrome  may  be 
calculated  by  multiplying  by  1*3 ;  and  the  amount  of  lead  oxide 
corresponding  to  this  by  multiplying  the  lead  sulphate  by  0*736. 

If  the  amount  of  lead  oxide  present  in  the  form  of  chromate 
and  sulphate  does  not  equal  that  of  the  total  lead  oxide  present, 
the  difference  may  be  considered  to  be  present  in  the  form  of 
basic  carbonate,  and  the  amount  of  this  can  be  calculated  by 
multiplying  by  1-16. 

A  qualitative  analysis  should,  in  all  cases,  precede  the  quanti- 
tative analysis,  and  the  method  of  carrying  this  out  modified 
accordingly.  Should  whiting  be  present,  its  amount  may  be 
ascertained  by  dissolving  2  grammes  of  the  chrome  in  dilute 
nitric  acid,  filtering  off  any  insoluble  residue  (which  may  be 
neglected),  then  precipitating  the  lead  present  as  sulphate  by 
adding  sulphuric  acid,  and  filtering  the  precipitate  off,  which  may 
also  be  neglected.  To  the  filtrate  is  added  ammonia  in  slight 
excess  (no  precipitate  should  be  obtained ;  if  there  be  one,  filter 
it  off);  then  add  ammonium  oxalate,  filter,  wash,  dry,  and  weigh 
the  precipitate,  the  weight  of  which  at  once  gives  the  amount  of 
whiting  in  the  chrome.  If  gypsum  (calcium  sulphate)  be  present, 
its  amount  may  be  ascertained  by  dissolving  2  grammes  in  hydro- 
chloric acid,  adding  dilute  sulphuric  acid,  allowing  to  cool,  and 
filtering  off  any  lead  sulphate,  lead  chloride,  and  barytes  which 
may  be  present ;  to  the  filtrate  is  added  ammonia  in  slight 
excess  (any  precipitate  which  may  be  obtained  is  filtered  off)  and 
ammonium  oxalate ;  the  precipitate  of  calcium  oxalate  is  filtered, 
washed,  dried,  and,  after  burning  in  a  crucible,  weighed  ;  from 
the  weight  of  calcium  carbonate  so  obtained  that  of  the  calcium 
sulphate  present  may  be  calculated  by  multiplying  by  1*36. 

Schemes  for  the  analysis  of  chromes  based  on  the  solution  of 
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the  lead  chroraate  present  in  caustic  potash  have  been  devised, 
but  the  author  does  not  consider  that  these  give  as  satisfactory- 
results  as  the  scheme  just  described.  The  section  on  the 
analysis  of  Brunswick  greens  may  be  consulted. 


ANALYSES  OF  "PURE"  CHROME  COLOURS. 


CONSTITUEHTS. 

"  Pure  " 

Primrose 

Chrome. 

£  ®  a 

3  c3  0 

"Pure" 
Middle 
Chrome. 

"Pure" 
Orange 
Chrome. 

"  Pure  " 
Scarlet 
Chrome. 

Chinese 
Red. 

Water  and  volatile  ) 
matter,    .       .       .  ( 

6-900 

2-48 

1-850 

5-640 

3  625 

1-275 

1-69 

Lead  chromate,  1 
Pb  Cr  O4,         .       .  J 

White  lead,  2  Pb  C  O3  1 
+  Pb  H2  O2,    .       .  J 

Lead  sulphate,  PbS04, 

56  066 

•523 
36-511 

55-30 

11-72 
30-30 

87-834 

1-320 
8-455 

73-320 

8-372 
11-986 

60-307 
35-478 

59-670 
39-470 

57-55 

<  Pb  0 
I  39-99 

100-000 

99-80 

99-456 

99-328 

100-410 

100-415 

99-03 

ZINC  CHROME. 

This  pigment  is  the  chromate  of  zinc,  Zn  Cr  O^,  which  has  the 
composition — 

Zinc,  Zn,  35-81  per  cent. 

Chromium,  Cr,   28*93  ,, 

Oxygen,  0,  35-26 


100-00 

or 

Zinc  Oxide,  Zn  0,     .       ,       •       ,       44-63  per  cent. 
Chromium  trioxide,  Cr  O3,       .       .  55*37 

100  00 

PREPARATION  OP  ZINC  CHROME.— Zinc  chrome 
is  prepared  in  two  ways— 1st,  by  precipitating  a  solution  of  zinc 
sulphate  with  a  solution  of  chromate  of  potash ;  2nd,  by  treating 
zinc  oxide  with  either  chromic  acid  or  potassium  bichromate. 

1st.  By  Precipitation. — The  preparation  of  zinc  chrome  by 
precipitating  solutions  of  zinc  salts  is  very  difficult,  and  only  by 
the  exercise  of  some  care  is  the  operation  a  success ;  this  arises 
from  the  fact  that  zinc  chromate  is  a  substance  which,  while 
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insoluble  in  water,  is  readily  soluble  in  acids  and  alkalies,  and 
in  various  saline  solutions.  If  the  solutions  used  are  slightly 
acid  the  zinc  chromes  will  not  form,  consequently  the  acid 
bichromates  cannot  be  used  for  preparing  it.  If  the  solutions 
are  alkaline,  then  there  is  a  tendency  for  the  chrome  to  be 
decomposed,  and  for  the  white  hydroxide  of  zinc  to  be  formed. 

The  materials  used  in  the  preparation  of  zinc  chrome  are  the 
sulphate  of  zinc  and  the  chromate  of  potash;  the  chloride  of  zinc 
may  be  used  or  the  chromate  of  soda.  The  principal  points  are 
the  use  of  neutral  solutions  as  strong  as  possible. 

61|  lbs.  of  zinc  sulphate  are  dissolved  in  as  small  a  quantity 
of  water  as  possible,  and  the  solution  is  boiled ;  while  boiling,  a 
solution  of  32^  lbs.  of  normal  sodium  chromate  in  water  is 
added,  and  the  mixture  boiled  for  one  hour;  the  zinc  chrome  is 
precipitated,  and  can  be  collected  on  a  filter,  washed,  and  dried 
at  a  low  temperature.  The  solution  of  zinc  should  be  neutral ; 
as  zinc  sulphate  is  liable  to  be  slightly  acid  the  solution  should 
be  tested  with  a  piece  of  paper  dipped  in  a  solution  of  Congo 
red,  and  if  found  to  be  acid,  shown  by  the  paper  turning  blue,  then 
the  solution  should  be  neutralised  by  adding  sufficient  caustic 
soda.  The  solution  of  normal  sodium  chromate  can  be  made  by 
dissolving  26^  lbs.  of  sodium  bichromate  in  water,  heating  to 
the  boil,  and  adding  sufficient  caustic  soda  to  just  neutralise  the 
bichromate ;  this  is  best  ascertained  by  the  use  of  test  paper 
made  from  a  solution  of  phenolphthalein  in  methylated  spirit, 
the  caustic  soda  being  added  until  a  drop  of  the  chromate 
solution  taken  out  just  turns  the  paper  a  faint  pink.  The 
solutions  are  now  ready,  and  can  be  used  as  described  above. 
The  chrome  so  prepared  is  of  a  fine,  deep,  lemon-yellow  colour, 
with  a  good  body. 

The  reaction  between  the  zinc  and  sodium  salts  is  expressed 
in  the  equation  : — 

Zn  S  O4    +    Na2  Cr  O4    =    Zn  Cr  O4    +    Nag  S  O4. 

Zinc  Sodium  Zinc  Sodium 

sulphate.  chromate.  chromate.  sulphate. 

That  with  the  potassium  chromate  is  similar. 

Another  plan  of  making  zinc  chrome,  and  which  gives  good 
results,  is  to  dissolve  61  i  lbs.  of  zinc  sulphate  in  water,  and  to 
add  26 J  lbs.  of  sodium  bichromate  dissolved  in  a  small  quantity 
of  water  ;  no  precipitate  will  be  obtained.  The  mixture  is  now 
boiled  and,  while  boiling,  a  saturated  solution  of  soda  crystals  is 
added  in  small  quantities  at  a  time,  waiting  between  each  addi- 
tion until  all  efiervescence  has  ceased ;  the  addition  is  continued 
until  there  is  little  or  no  effervescence  on  adding  more  soda 
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crystals ;  the  whole  is  now  boiled  for  about  one  hour,  during 
which  period  the  zinc  chrome  will  gradually  precipitate,  and  may 
be  filtered  and  finished  in  the  usual  way.  Care  must  be  taken 
not  to  add  too  much  soda  crystals  or,  otherwise,  only  a  precipitate 
of  zinc  carbonate  will  be  obtained.  In  both  methods  potassium 
chromate  may  be  substituted  for  the  sodium  salt. 

2nd.  From  Zinc  Oxide. — This  method  was  the  subject  of  a 
patent  taken  out  by  James  Murdoch  in  1847,  who  describes  the 
preparation  of  three  shades  of  zinc  chrome. 

1.  A  Marigold  Tint — 125  lbs.  of  bichromate  of  potash  are 
dissolved  in  70  gallons  of  water  and  boiled  ;  60  lbs.  of  zinc  oxide 
are  mixed  into  a  thin  cream  with  water  and  then  poured  into  the 
bichrome  solution ;  the  mixture  is  allowed  to  stand  for  from 
24  to  30  hours ;  after  which  it  is  boiled  up  for  one  hour,  allowed 
to  settle,  and  the  colour  finished  as  usual.  The  liquor  from  the 
colour  is  kept  and  used  in  making  the  second  tint. 

2.  A  Lemon  Tint, — The  liquor  from  the  last  tint,  together  with 
the  first  washings,  are  put  into  a  boiler,  and  a  solution  of  75  lbs. 
of  zinc  oxide  in  44  lbs.  of  sulphuric  acid  of  65|°  Tw.  is  added  and 
the  mixture  is  boiled  for  one  hour  ;  the  colour  formed  is  allowed 
to  settle,  the  clear  top  liquor  run  ofi*  and  kept  for  making  the 
third  tint,  and  the  colour  finished  as  before. 

3.  A  Pale  Tint — The  liquor  from  the  second  tint  is  now  mixed 
with  a  solution  of  15  lbs.  of  oxide  of  zinc  in  7  lbs.  of  sulphuric 
acid,  boiled  and  treated  as  before. 

Clarke  subsequently  took  out  a  patent  in  1853,  in  which  he 
describes  the  preparation  of  two  shades  of  zinc  chrome. 

1.  A  Dark  Chrome. — 112  lbs.  of  bichromate  of  potash  are 
dissolved  in  boiling  water  and  70  lbs.  of  zinc  oxide,  previously 
mixed  with  35  gallons  of  water  to  a  thin  cream,  added,  and  the 
mixture  boiled  for  one  hour ;  then  the  colour  is  allowed  to  settle, 
the  top  liquor  poured  off  and  used  for  making  a  paler  tint  (see 
below),  and  the  chrome  washed  and  finished. 

2.  Lemon  Zinc  Chrome. — The  liquor  from  the  deep  chrome  is 
boiled  down  till  it  has  attained  a  strength  of  26°  Tw. ;  to  every 
8  gallons  of  this  liquor  40  lbs.  of  zinc  oxide,  previously  dissolved 
in  24  lbs.  of  sulphuric  acid,  are  added ;  the  mass  is  now  boiled 
for  one  hour,  the  chrome  allowed  to  settle,  and,  after  decanting 
off  the  top  liquor,  washed  and  finished  as  usual. 

Instead  of  potassium  bichromate,  chromic  acid  may  be  used 
with  similar  results.    The  following  recipes  may  be  used  : — 

1.  A  Deep  Chrome. — Mix  100  lbs.  of  zinc  oxide  into  a  thin 
paste  with  30  gallons  of  water ;  then  add,  by  degrees,  boiling  the 
whole  of  the  time,  130  lbs.  of  chromic  acid;  after  the  whole  has 
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been  added,  continue  the  boiling  for  one  hour  longer  ;  then  allow 
the  colour  which  has  been  made  to  settle,  decant  the  top  liquor 
and  wash. 

2.  Middle  Chrome, — Use  200  lbs.  of  zinc  white  and  then 
proceed  as  above. 

3.  Pale  Chroine. —  Use  300  lbs.  of  zinc  oxide,  and  proceed  as 
above. 

With  all  the  processes  just  described  there  is  great  loss  of 
chrome,  as  the  liquors  which  are  run  off  and  the  washings 
contain  chromic  acid,  both  free  and  in  the  form  of  chromates ; 
these  liquors  are  somewhat  difficult  to  utilise ;  they  might  be 
used  to  make  lead  chromes,  especially  the  oranges.  This  waste 
of  chromic  acid  in  making  zinc  chromes  by  these  processes  adds 
considerably  to  the  cost.  Another  defect  in  the  colours  thus 
made  is  that  they  are  very  liable  to  be  gritty,  especially  if  the 
excess  of  chromic  acid  or  alkaline  chromate  is  not  thoroughly 
washed  out,  for,  if  left  in,  this  tends  to  crystallise  in  the  colour; 
the  presence  of  this  chromate  in  the  colour  will  lead  to  the 
colour,  when  mixed  with  oil,  turning  greenish,  due  to  the 
oxidising  action  of  the  chromic  acid  on  the  oil. 

The  lead  chrome  plant  shown  in  Fig.  18  may  be  used  for  making 
the  zinc  chromes. 

PROPERTIES  OP  ZINC  CHROME.— Zinc  chrome  is  a 
yellow  pigment  of  good  colour  and  body ;  it  is  readily  soluble  in 
acids ;  all  the  common  mineral  acids  dissolve  it,  even  when 
dilute;  it  is  also  soluble  in  many  organic  acids.  Caustic  soda  or 
potash,  when  mixed  with  it  in  small  quantities,  decompose  it 
with  the  formation  of  zinc  hydroxide  and  a  chromate  of  the 
alkali;  when  in  considerable  excess  they  dissolve  it.  Ammonia 
will  dissolve  zinc  chrome.  Heat  turns  it  a  grey-violet  tint,  due 
to  its  decomposition  into  the  oxides  of  zinc  and  chrome. 

As  a  pigment  it  is  quite  permanent,  resisting  exposure  to  light 
and  air  when  well  made ;  while  sulphureous  gases  do  not  affect 
the  colour.  It  can  be  mixed  with  all  other  colours  without 
being  affected  by  them  in  any  way. 

Zinc  chrome  has  usually  a  good  colour  and  body,  although  in 
this  respect  it  is  scarcely  equal  to  the  lead  chromes. 

ASSAY  AND  ANALYSIS  OP  ZINC  CHROMES.— In 
assaying  zinc  chromes  the  points  to  be  noted  are: — 1st,  colour; 
2nd,  covering  power;  3rd,  texture  or  freedom  from  grit,  so  as  to 
have  a  soft  feel ;  these  points  can  be  tested  for  in  the  usual  way. 

Zinc  chromes  are  liable  to  adulteration  with  the  lead  chromes, 
as  these  are  rather  cheaper  ,  or  to  form  the  pale  shades  the  deep 
shades  may  be  let  down  with  a  cheaper  white  base  than  zinc 
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oxide.  Pure  zinc  chrome  is  soluble  in  acetic  acid  without 
effervescence ;  any  yellow  residue  indicates  adulteration  with 
lead  chrome  or  yellow  ochre,  which  can  be  distinguished  by  the 
application  of  special  tests.  A  white  residue  indicates  adulter- 
ation with  barytes,  china  clay,  &c. ;  while  admixture  with  either 
whiting  or  white  lead  will  be  indicated  by  effervescence  with 
the  acid.  Zinc  chrome  should  not  be  discoloured  on  adding 
to  it  a  little  ammonium  sulphide. 

A  sample  of  zinc  chrome  analysed  by  the  author  had  the 
composition  : — 

Water,  16-08  per  cent. 

Zinc  chromate,  38'99 

Zinc  oxide,  4*98  ,, 

100-00 

LEMON  CHROME.    BARIUM  CHROME. 

This  pigment  is  the  chromate  of  barium,  Ba  Cr  O^,  prepared 
by  precipitating  a  solution  of  barium  chloride  with  potassium 
bichromate.  Its  use  as  a  pigment  has  become  obsolete  owing  to 
its  having  only  a  very  pale  yellow  colour  and  to  its  want  of 
body.  The  lemon  chromes  made  from  lead  are  much  brighter 
and  have  more  ])ody. 

OCHRES   AND  SIENNAS. 

Next  to  the  chromes  the  ochres  and  siennas  are  by  far  the 
most  important  of  the  yellow  pigments.  They  form  a  group  of 
natural  pigments  of  inorganic  origin,  found  in  comparatively 
large  quantities  in  many  parts  of  the  world.  The  ochres  are 
generally  of  a  good  yellow  colour,  varying  from  a  faint  brownish 
to  a  reddish  tint  of  yellow ;  the  siennas  (which  are  so  called 
because  they  were  first  found  near  the  town  of  Sienna,  in  Italy) 
are  of  a  brownish-yellow  tint,  varying  somewhat  in  depth  of 
shade. 

Ochres  occur  in  rocks  of  all  geological  ages  ;  in  the  Oolitic 
rocks  of  Oxfordshire,  the  Mountain  limestone  of  Derbyshire,  the 
Silurian  slates  of  Wales,  the  Granites  of  Cornwall,  the  Liassic 
and  Cretaceous  rocks  of  France,  and  in  the  volcanic  rocks  of 
Italy ;  so  that  geological  age  has  no  connection  with  their  for 
mation. 

Ochres  and  siennas  consist  essentially  of  an  earthy  base, 
coloured,  in  the  case  of  the  ochres,  by  the  hydrated  ferric  oxide ; 
in  the  case  of  the  siennas,  by  the  hydrated  ferric  oxide  and 
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manganese  oxide.  The  character  of  the  base  varies  according  to 
the  locality  where  the  pigment  is  found.  The  analyses  given 
below  illustrate  this  point  very  well. 

As  stated  above,  these  pigments  owe  their  colour  to  hydrated 
peroxide  of  iron ;  so  far  as  can  be  judged  from  the  composition 
and  manner  in  which  they  are  found,  this  oxide  of  iron  is,  in  all 
cases,  an  alteration-product,  formed  by  the  oxidation  of  ferru- 
ginous minerals,  especially  pyrites,  and,  in  the  case  of  siennas, 
of  manganiferous  ores.  The  manner  of  occurrence  of  ochres  and 
siennas,  so  far  as  information  at  hand  is  available,  appears 
to  be  different;  in  the  case  of  ochres,  these  seem  to  have  been 
formed  by  the  decomposition  and  oxidation  of  iron  minerals  at 
the  spot  where  the  pigment  is  found,  for,  in  the  majority  of 
cases,  the  ochre  occurs  more  or  less  mixed  with  the  gangue  or 
matrix,  from  which  mineral  it  originated.  The  analyses  of  the 
Welsh  and  Derbyshire  crude  ochres  given  below  are  examples 
of  ochres  formed  in  this  manner.  This  occurrence  of  much 
matrix  or  gangue  in  crude  ochres  necessitates  the  adoption  of  a 
method  of  levigation  to  prepare  them  for  use  as  pigments. 

Siennas  occur  under  various  conditions,  generally  as  aqueous 
deposits,  in  hollows  and  basins ;  some  of  these  are  of  recent 
formation,  since  bronze  idols  and  other  articles  of  human 
manufacture  have  been  found  in  them.  Siennas  seem  to 
have  been  formed  by  water  draining  over  beds  of  iron  and 
manganese  ores,  so  as  to  become  charged  with  oxide  of  iron  and 
organic  matter,  and  then  flowing  into  a  hollow  in  which  the 
iron,  &c.,  it  contained  was  deposited ;  in  process  of  time  the 
hollow  was  filled  up  and  the  bed  of  sienna  formed.  Siennas 
differ  from  ochres  in  containing  very  little  extraneous  matter, 
and,  therefore,  they  require  little  beyond  grinding  to  fit  them 
for  painting,  when  they  are  known  as  ''raw  sienna"  (see  p.  155). 

Ochres  are  prepared  for  use  as  pigments  by  grinding  and 
levigating.  The  plant  used  for  this  purpose  varies  at  different 
works,  its  construction  being  largely  dependent  upon  the  nature 
of  the  ochre  which  is  being  treated.  Some  ochres  are  soft  and 
powdery,  these  only  require  levigation;  while  others  are  harder, 
and  need  to  be  ground  before  they  can  be  levigated.  Fig.  28 
shows  one  form  of  this  plant,  and  in  Fig.  12  is  shown  another 
form  used  in  the  china-clay  industry,  which  may  also  be  used 
for  ochres.  A,  Fig.  28,  is  a  large  tank  which,  in  Derbyshire  and 
Cornwall,  is  known  as  the  ''huddle"  ;  in  this  is  placed  the  rough 
ochre,  just  as  it  comes  from  the  ground,  if  the  nature  of  the 
material  permits;  or  it  may  be  subjected  to  a  preliminary 
grinding   in  an   edge   runner   mill.     In  the   huddle   it  is 
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thoroughly  mixed  with  a  constantly  flowing  gentle  current 
of  water,  which  carries  olf  the  finer  particles  of  the  ochre, 
and  leaves  the  very  coarse  material  behind ;  as  the  latter 
accumulates  in  the  huddle  it  is  removed  from  time  to  time 
and  thrown  away.  From  the  huddle  the  water  carries  the 
ochre  into  a  settling-tank,  placed  at  a  rather  lower  level,  where 
the  coarser  particles  of  ochre  settle  out ;  when  they  have 
accumulated  sufficiently  the  water  is  run  out  of  the  tank,  and 
the  ochre  removed.  From  the  first  settling-tank  the  water, 
which  still  contains  some  ochre,  is  run  into  a  second  tank 
rather  larger  than  the  first,  so  that  the  current  of  water  becomes 
more  sluggish,  and  the  finer  particles  of  ochre  subside  more 
readily ;  in  this  second  tank  the  ochre  is  allowed  to  settle  until 
enough  has  accumulated,  when  it  is  removed  as  before.  From 
the  second  tank  the  water  runs  off*  into  a  third  tank,  in  which  a 
still  finer  quality  of  ochre  settles  out.  All  these  tanks  are 
shown  in  Fig.  28  ;  sometimes  a  fourth  tank  is  arranged.  The 
number  of  settling-tanks  much  depends  upon  the  quality  of 
crude  material  and  the  variety  of  grades  of  ochre  it  is  desired 
to  make ;  the  grade  of  ochre  which  settles  out  in  each  tank  is 
different  from  the  others ;  that  in  the  first  is  darker  in  tint  and 
coarser  in  quality  than  that  which  settles  out  in  the  third ; 
while,  if  a  fourth  tank  is  used,  this  will  give  a  pale  and  fine 
quality  of  ochre.  It  will  be  found  best  in  large  works  to 
arrange  for  three  sets  of  settling-tanks,  arranged  side  by  side ; 
the  material  from  the  huddle  is  run  into  the  first  of  these 
sets  until  the  tanks  are  full ;  then  the  stream  is  turned  into  the 
second  set,  which  are  also  filled ;  then  the  stream  is  turned  into 
the  third  set ;  by  this  time  the  ochre  in  the  first  set  will  have 
settled  out,  and  the  tanks  can  be  emptied  and  got  ready  for  the 
water  to  be  turned  into  them.  When  the  third  set  has  become  full 
the  second  set  will  be  ready  for  emptying,  and  this  is  done ; 
then  the  third  set  is  emptied ;  thus  there  is  always  one  set  being 
filled,  another  settling  out,  and  the  third  being  emptied.  There 
is  scarcely  two  ochre  works  where  the  arrangement  of  the 
levigating  plant  is  alike, -as  much  depends  upon  the  locality,  the 
amount  of  water  at  disposal,  and  the  quantity  of  material  being 
treated. 

After  being  taken  out  of  the  settling  tanks  the  ochre  is  in  the 
form  of  a  paste  which,  as  it  contains  probably  50  per  cent,  of 
water,  must  be  dried.  The  arrangements  for  this  vary  very 
much  at  different  works ;  at  some,  long  horizontal  flues  are  built 
with  a  fireplace  at  one  end,  and  the  flues  covered  with  flagstones 
on  which  the  wet  ochre  is  placed ;  at  others,  the  ochre  is  placed 
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in  earthenware  pans  in  an  ordinary  drying  stove ;  but  in  every 
case,  the  drying  of  the  ochre  at  as  low  a  temperature  as  possible 
is  important,  as  too  high  a  temperature  turns  the  colour  of  the 
ochre  rather  reddish. 

PROPERTIES  OF  OCHRES  AND  SIENNAS.— So  far 
as  their  properties  as  pigments  are  concerned,  the  ochres  and 
siennas  rank  among  the  most  permanent  pigments  at  the  disposal 
of  the  painter.  They  are  unaffected  by  admixture  with  any 
other  pigments,  do  not  act  injuriously  upon  other  pigments,  and 
are  scarcely  affected  by  exposure  to  the  atmosphere  and  its  de- 
structive influences.  They  work  well  with  all  kinds  of  vehicles, 
and  can,  therefore,  be  used  in  any  kind  of  painting — oil,  water, 
distemper,  fresco,  &c. 

Ochres  and  siennas  vary  very  much  in  tint,  brightness  of 
colour,  and  strength.  Oxford  ochre  is  the  brightest  of  the  ochres 
and  is  of  a  fairly  bright  brownish-yellow  colour.  Siennas  are  of 
a  brownish-yellow  colour  varying  much  in  depth  of  tint  or  shade. 
Welsh  ochres  are  rather  duller  than  Oxford  ochres  ;  French 
ochres  are  moderately  bright ;  Derbyshire  ochres  are  reddish  in 
tone  and  are  darker  than  other  varieties  of  ochre.  They  vary 
very  much  in  texture ;  Oxford  ochre  and  the  siennas  are  of  a 
soft  texture ;  some  are  gritty  in  feel,  while  others  have  a  clayey 
feel.  In  body  or  opacity  these  pigments  vary  much.  The  Oxford 
ochre  and  the  siennas  are  rather  transparent,  and  are  commonly 
used  as  glazing  colours ;  the  other  ochres  are  more  opaque  and 
have  good  body  ;  hence,  they  are  largely  used  as  body  colours, 
especially  in  house  painting. 

The  colour  of  ochres  is  due  to  the  presence  of  hydrated  per- 
oxide of  iron,  while  siennas  also  contain  small  quantities  of 
manganese ;  the  shade  or  tint  depends  mainly  upon  the  propor- 
tion of  iron  and  manganese  present,  and  also,  but  to  a  less  extent, 
upon  the  degree  of  hydration  of  the  oxide  of  iron  ;  in  proportion 
as  the  iron  oxide  is  less  and  the  hydration  greater,  the  yellower 
and  brighter  the  shade  of  colour ;  when  the  proportion  of  non- 
hydrated  oxide  of  iron  is  large  the  shade  becomes  redder.  When 
ochres  are  treated  with  hydrochloric  acid,  the  iron  they  contain 
is  nearly  all  dissolved  out,  and  yields  a  yellow  solution  which 
will  give  the  characteristic  tests  for  iron,  while  a  more  or  less 
insoluble  residue  is  left  behind. 

Heat  turns  ochres  a  red  colour,  the  shade  of  which  depends 
upon  the  temperature  and  length  of  time  the  heating  is  carried 
on  ;  these  red  colours  are  sold  as  Venetian  red,  light  red,  Indian 
red,  (fee. ;  their  preparation  and  properties  have  already  been 
described  (see  p.  118).    Siennas  are  converted  by  heat  into  a 
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reddish-orange  pigment  known  as  burnt  sienna  (see  p.  156).  This 
change  of  colour  is  due  to  the  passage  of  the  iron  oxide  from  the 
hydrated  to  the  anhydrous  condition,  but  the  reason  why  ochres 
should  give  reds  and  the  siennas  orange  is  not  known. 

ASSAY  AND  ANALYSIS  OF  OCHRES  AND  SIEN- 
NAS.— {a)  Crude  Ochres  and  Siennas. — These  should  be 
assayed  for,  first,  the  actual  quantity  of  colour  present  and, 
second,  for  the  tint  or  shade  of  the  colour  it  gives.  This  last  can 
be  done  in  the  usual  way ;  the  first  can  be  ascertained  as  follows : — 
A  tall  glass  of  a  conical  shape  is  provided  ;  a  glass  funnel  with  a 
long  stem  passes  down  to  the  bottom  of  the  glass  into  which  is 
put  about  25  to  30  grammes  of  the  crude  ochre ;  into  the  glass  is 
now  passed  a  gentle  current  of  water  sufficiently  strong  to  carry 
out  of  the  glass  all  the  finer  particles  of  colour  while  leaving  the 
heavier  and  more  gritty  particles  behind,  which  are  collected  by 
filtering  and,  after  drying,  are  weighed  in  the  usual  way  ;  from 
the  weight  is  calculated  the  proportion  of  colour  and  grit.  Thus, 
the  sample  of  crude  Irish  ochre  (an  analysis  of  which  is  given 
below)  assayed  in  this  way,  was  found  to  contain — 


{h)  Prepared  Ochres. — These  only  need  assaying  for  colour 
and  covering  power  by  the  usual  methods. 

It  is  rarely  that  an  analysis  of  ochres  and  siennas  is  required ; 
but  analyses  of  several  varieties  are  given  below,  which  show 
their  constituents  and  what  to  look  for  in  analysing  them. 
Ochres  are  rarely,  if  ever,  adulterated.  Ochres  which  are 
naturally  poor  in  colour  sometimes  have  a  little  chrome-yellow 
added  to  them  to  bring  up  the  tint ;  such  an  addition  may  be 
recognised  by  treating  the  ochre  with  hydrochloric  acid  and 
alcohol,  when  a  green-coloured  solution  containing  chromium 
will  be  obtained,  and  the  chromium  in  which  may  be  detected 
by  the  usual  tests. 

COMPOSITION  OP  OCHRES  AND  SIENNAS.— Most 
of  the  following  analyses  have  been  made  by  the  author ;  others 
are  quoted  from  various  published  analyses.  The  notes  appended 
to  some  of  them  will  be  found  useful  and  of  interest  as  showing 
some  indications  of  the  origin  of  these  pigments. 

1.  Oxford  Ochre. — The  ochres  from  Oxfordshire  have  long 
had  a  reputation  for  their  quality,  exceeding,  as  they  do,  all  other 
ochres  in  the  brightness  of  their  colour  and  depth  of  covering 
power.    Most  of  the  ochre  is  found  in  pits  at  Shotover,  near 


Grit,  . 
Colour, 


30 '24  per  cent. 


69-76 
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Oxford,  of  which  the  following  section  is  given  in 
Dictionary  "  : — 


1.  Summit  of  hill,  highly  ferruginous  grit, 

2.  Grey  sand, 

3.  Ferruginous  concretions, 

4.  Yellow  sand,  . 
6.  Cream-coloured  loam, 
6.  Ochre,     .       .       .  > 


6  feet. 
3  „ 
1  „ 
6  „ 
4 

6  inches. 


'  lire's 


Oxford  ochre  contains 


Water,  hygroscopic. 
Water,  combined, 
Calcium  oxide,  Ca  0, 
Sulphur  trioxide,  S  O3, 
Alumina,  AI2  O3,  . 
Ferric  oxide,  F62  O3, 
Silica,  Si  O2,  . 


6 '887  per  cent. 

8-150 

0'998 

1-321  „ 

6-475 
12-812 
63-478 


100-121 


The  layer  of  ferruginous  concretions  is,  probably,  the  source  of 
the  colouring  matter  of  this  ochre,  while  the  clay  which  under- 
lies the  layer  of  ochre  is  the  source  of  the  base  of  the  pig- 
ment. 

2.  Welsli  Crude  Ochre. — The  exact  locality  from  whence 
this  sample  was  derived  is  not  known ;  it  has  a  fairly  good  colour 
and  covering  power.    It  contains 


Water,  hygroscopic. 
Water,  combined. 
Sulphur  trioxide,  S  O3 
Silica,  Si  O2, 
Alumina,  AI2  O3, 
Ferric  oxide,  Fe2  O3, 
Copper  sulphide,  Cu  S. 


2-000  per  cent. 

12-500  ,, 

1-315  „ 

29-725  „ 

33-315  ,, 

20-705  ,, 

•515  „ 


100-075 


Some  of  the  iron  oxide,  0-765  per  cent.,  exists  in  a  soluble  form, 
probably  as  sulphate,  for  there  is  0-555  per  cent,  of  soluble 
sulphur  trioxide.  This,  and  the  fact  that  there  is  copper  sulphide 
present,  indicate  that  this  ochre  has  been  formed  by  the  de- 
composition of  a  cupreous  pyrites,  which  supposition  is  further 
strengthened  by  the  fact  that  small  pieces  of  pyrites  may  be 
picked  out  of  the  crude  ochre.  This  ochre  requires  well 
levigating  to  get  rid  of  the  pyrites  as  this  body  would  introduce 
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an  element  of  change  which  may  exercise  an  injurious  influence 
upon  the  permanent  properties  of  the  ochre. 

3.  Irish  Crude  Ochre. — This  sample  contains 


Water,  hygroscopic,  . 
Water,  combined, 
Insoluble  matter, 
Sulphur  trioxide,  S  O3, 
Alumina,  AI2  O3, 
Ferric  oxide,  Fe2  O3,  . 
Calcium  oxide,  Ca  O,  . 
Copper  oxide,  Cu  0,  . 


9*050  per  cent. 

12-000  ,, 

32  •502  „ 

2-685 

16-770  „ 

26-381  ,, 

•258  „ 

•630  „ 


100-260 


The  insoluble  matter  consists  of  silica  and  some  gritty  matter. 

Of  these  constituents  a  portion  (0*33  per  cent,  of  sulphur 
trioxide,  0*191  of  ferric  oxide,  0-118  of  calcium  oxide,  and  0*228 
of  copper  oxide)  was  soluble  in  water  in  the  form  of  sulphates, 
the  iron  being  in  the  ferrous  form  ;  this  points  to  the  fact  that 
this  ochre  was  formed  by  the  oxidation  of  the  cupreous  pyrites 
existing,  disseminated  through  a  siliceous  mineral  matrix  which 
was  broken  up  by  the  oxidation,  and  part  of  which  went  to  form 
the  base  of  the  ochre,  while  much  of  it  exists  in  the  form  of 
gritty  angular  pieces  which  must  be  separated  before  the  ochre 
is  fit  to  use  as  a  pigment. 

4.  Derbyshire  Crude  Ochre. — This  is  of  a  reddish  colour 
and  is  found  incrusting  masses  of  pyritous  minerals  and  barytes, 
from  which  the  ochre  is  separated  by  levigation.  This  ochre,  like 
the  others  just  noticed,  has  been  formed  by  the  oxidation  of 
pyrites,  small  fragments  of  which,  in  an  unchanged  condition, 
are  disseminated  through  the  crude  ochre.  This  sample  contained 
more  iron  than  any  other  examined  by  the  author,  as  the 
following  analysis  shows  : — 


Water,  hygroscopic,  . 
Water,  combined, 
Alumina,  AI2O3, 
Ferric  oxide,  Fe2  03,  . 
Calcium  oxide,  Ca  0,  . 
Sulphur  trioxide,  S  O3, 
Pyrites,  FeS,  . 
silica,  SiOa,  \ 
Barytes,  Ba  S  O4,  J 


5*400  per  cent, 
6-000 
1-040  „ 
76*081 

0-  561 

1-  744 

4*783  ,, 
4-394 


100  000 


5.  Derbyshire  Prepared  Ochre. — This  sample  is  of  a  reddish 
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shade,  not  so  dark  as  the  last, 
is  good. 

Water,  combined, 

Barium  sulphate,  Ba  S  O4,  . 

Silica,  Si02, 

Calcium  sulphate,  Ca  S  O4,  . 
Calcium  carbonate,  Ca  C  O3, 
Alumina,  AI2O3, 
Ferric  oxide,  Fe2  O3,  . 
MajSjnesia,  MgO,        .  • 


The  covering  power  of  this  ochre 


6*100  per  cent. 

20-  946 
4-530 
2-516 

21-  755 
10-655 
33-498 
trace 


100-000 


6.  Cornwall  Prepared  Ochre.— This  ochre  is  of  a  pale 
brownish-yellow  shade  and  has  not  much  covering  power.  It 
contains 


Water,  hygroscopic, 
Water,  combined. 
Silica,  Si  O2, 
Alumina,  AI2O3, 
Ferric  oxide,  Fe2  O3, 
Calcium  oxide,  Ca  O, 


1  -40  per  cent. 
10-00 
59-67 

9-72 
18-54 

0-23 


99-56 


7.  French  Prepared  Ochre. — The  exact  locality  from  which 
this  was  obtained  is  not  known  to  the  author,  but  it  is  usually 
of  a  bright  brownish-yellow  colour  with  a  good  covering  power. 


Water,  hygroscopic, 
Water,  combined. 
Silica,  Si02, 
Alumina,  AI2  O3, 
Ferric  oxide,  Fe2  O3, 
Calcium  oxide,  Ca  O, 


1  "80  per  cent. 

9-20 
54  00 
13-75 
20-73 

0-19 


99-67 


8.  South  Australian  Ochres. — The  following  analyses  of 
South  Australian  ochres  are  quoted  in  the  Journ,  Socy.  Chem, 
Ind.,  1889,  p.  313  :— 


Water,  hygroscopic. 
Water,  combined. 
Silica,  Si02, 
Ferric  oxide,  Fe2  O3, 
Alumina,  AIqOs,  . 


Per  cent. 
1-82 
6-48 
41-20 
38-40 
12-56 


Per  cent. 
1-92 
7-60 
56-60 
11-68 
19-12 


100-46  96-92 


Per  cent. 
0-21 

4-  00 
65  20 

5-  76 
21-74 

96-91 
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9.  American  Ochre — Eastern  State. — A  sample  of  American 
ochre  from  one  of  the  Eastern  States  examined  by  the  author 
had  the  following  composition  : — 

Water,  hygroscop  ic,     ....       1*30  per  cent. 
Water,  combined,        .       .       .       •       3*70  ,, 
Ferric  oxide,  Fe2  O3,    ....      11  "03  ,, 

Alumina,  AI2  O3,  4 '06  ,, 

SiUca,  SiOs,  4 '47 

Calcium  carbonate,  Ca  C  O3,        .       .  trace. 
Barium  sulphate,  Ba  S  O4,    .       .       .     75 '39  ,, 

99-95 

The  amount  of  barium  sulphate  in  this  ochre  is  rather  large, 
but  is  present  as  a  natural  constituent  of  the  ochre,  which  was 
of  good  colour  and  very  fine  in  quality. 

Most  American  ochres  are  ochres  in  name  only,  for  they  differ 
markedly  from  the  typical  English  and  French  ochres;  they 
usually  contain  much  more  iron,  which  gives  them  a  darker 
tint  and  a  redder  hue.  The  following  is  a  typical  analysis  of  an 
American  ochre  : — 


Iron  oxide  and  alumina. 
Water,  hygroscopic. 
Water,  combined, 
Insoluble,  chiefly  silica, 


59*15  per  cent. 

4-10  „ 

2-80  „ 
32-50 


10.  Siennas. — The  following  are  some  analyses  of  raw  siennas, 
which  are  of  Italian  origin — the  first  and  second  from  the 
neighbourhood  of  Rome  ;  the  locality  from  whence  the  third 
came  is  unknown.  The  Koman  siennas  are  found  in  hollows 
on  hill  sides,  which  hollows  are  now  filled  up  with  deposits  of 
sienna;  but,  at  one  time,  were  the  site  of  small  ponds  into 
which  flowed  streams  highly  charged  with  iron  and  manganese, 
from  deposits  of  those  materials  situated  above  the  ponds.  The 
rocks  of  the  district  consist  chiefly  of  trachyte  and  granite, 
charged  with  ferriferous  and  manganiferous  minerals,  which 
are  the  source  of  the  colouring  matter  of  the  sienna. 


Water,  hygroscopic, 

Water,  combined  and  organic 

matter. 
Silica,  Si  O2,  . 
Calcium,  carbonate,  Ca  C  O3, 
Alumina,  AI2  O3,  . 
Manganese,  Mn  O2, 
Ferric  oxide,  Fe2  Oo, 
Magnesia,  Mg  0, 


Dark. 

Pale. 

Per  cent. 

Per  cent. 

Per  cent. 

17-550 

8-250 

12-400 

9-000 

11-000 

9-400 

22-656 

17-406 

5-016 

0-960 

1-075 

4-460 

2-840 

5-177 

7-265 

1-190 

0-627 

1-465 

45-820 

57  032 

59-965 

trace. 

100  016 

100-567 

99-701 
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It  may  be  assumed  that  the  shade  of  the  siennas  varies  with  the 
amount  of  manganese  it  contains,  as  is  shown  by  the  analyses 
given  above. 

11.  American  Sienna. — The  American  siennas  which  have 
come  so  far  under  the  notice  of  the  author  differ  from  the  true 
Italian  siennas  in  being  somewhat  more  opaque,  and  rather 
redder  in  tone ;  they,  nevertheless,  make  good  pigments.  The 
following  is  an  analysis  of  a  sample  of  American  raw  sienna  : — 


Water,  hygroscopic, 
Water,  combined. 
Iron  oxide,  Fe2  O3, 
Alumina,  AI2  O3, 
Manganese,  Mn  O2, 
Lime,  CaO,  . 
Silica,  Si  O2, 


7*00  per  cent. 

6-20  „ 

74-81  „ 

5-  23  „ 
trace, 
trace. 

6-  76  „ 


This  sample  is  notable  on  account  of  the  large  proportion  of 
iron  oxide  it  contains. 

The  commercial  value  of  an  ochre  depends  upon  its  colour  and 
body;  those  which  excel  in  these  points  naturally  commanding 
the  best  prices.  The  following  is  approximately  the  order  of 
the  various  ochres  as  regards  price  : — Oxford,  100  ;  French,  33 ; 
Derbyshire  and  Welsh,  25 ;  Irish  and  Devon,  20. 

BURNT  SIENNA. 

The  siennas  are  sold  in  two  forms,  raw  and  burnt ;  the  first 
has  already  been  dealt  with  and  the  latter  will  now  be  described. 
Burnt  sienna  is  prepared  by  calcining  the  raw  sienna  at  a 
moderate  red  heat  until  it  has  acquired  the  desired  shade.  The 
tint  of  the  burnt  sienna  depends  not  only  upon  the  temperature 
used  and  the  length  of  time  it  is  exposed  to  heat,  but,  also,  upon 
the  shade  of  the  raw  sienna  used.  Burnt  sienna  is  a  pigment  of 
a  reddish-orange  shade,  very  similar  to  that  of  the  coal-tar  colour 
known  as  Bismarck-brown.  It  is  very  transparent,  and  is,  there- 
fore, mostly  used  as  a  glazing  or  tinting  colour  by  painters  and 
artists.  It  is  sold  in  the  form  of  small  pieces,  and  of  a  paste 
ground  up  with  water  or  oil.  The  former  variety  is  very 
difficult  to  grind. 

The  composition  of  burnt  sienna  naturally  resembles  that  of 
raw  siennas,  only  that  the  heat  has  driven  off  most,  if  not  all,  the 
water  the  latter  contains.  The  following  analysis  will  serve  to 
show  the  composition  of  burnt  sienna  ; — 
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Water,  hygroscopic,  . 
Water,  combined, 
Silica,  Si  O2, 

Calcium  carbonate,  Ca  C  0; 
Manganese,  Mn  O2, 
Alumina,  AI2  O3, 
Ferric  oxide,  Fe2  O3,  . 


9*450  per  cent. 

3-275 
36-912 

1  233  „ 
traces. 

3-480  „ 
45-650 


100-000 

The  whole  of  the  water  in  this  sample  had  not  been  driven  off 
by  the  burning. 

A  sample  of  American  burnt  sienna  had  the  following  com- 
position : — 

Water,  hygroscopic, 
Water,  combined, 
Ferric  oxide,  Fe2  O3, 


Alumina,  AI2  O3,  . 
Silica,  Si  O2, 
Manganese  and  Lime, 


2*60  per  cent. 
2-10  „ 
89-13 
2-53  „ 
4-56  „ 
traces. 


Why  raw  siennas  should  give  an  orange-red  pigment  on  cal- 
cining and  ochres  a  red  is  somewhat  uncertain ;  probably  the 
fact  that  siennas  contain  organic  matter  and  that  the  iron  is  in 
both  the  ferrous  and  ferric  conditions  may  have  some  influence. 

MARS  COLOURS. 

Under  the  generic  name  of  Mars  colours  the  late  George  Field, 
a  noted  colour  manufacturei',  introduced  a  series  of  yellows, 
oranges,  reds,  and  violets,  owing  their  colour  to  ferric  oxide. 
Field  did  not  publish  any  account  of  the  method  by  which  he 
produced  these  colours  ;  but  descriptions  of  similar  products  have 
been  given  by  various  French  and  German  writers  on  pigments. 
These  colours  present  no  advantage  over  ochres  and  iron-reds  as 
regards  permanency  or  brightness  of  tone,  but  have  disadvantages 
as  regards  cost. 

Mars  yellow  is  made  by  taking  equal  weights  of  ferrous 
sulphate  and  alum,  and  adding  a  solution  of  carbonate  of  soda, 
thereby  precipitating  the  iron  and  alumina ;  the  precipitate  is 
collected,  washed  well  with  water,  and  dried  slowly. 

Another  method  is  described  in  the  Oil  and  Golourman's 
Journal  for  April  23,  1904,  p.  981.  233  lbs.  of  barium  chloride 
are  mixed  with  278  lbs.  of  ferrous  sulphate  (copperas)  and 
286  lbs.  of  soda.  The  precipitate  formed  is  collected,  exposed  to 
the  air,  and  then  dried.  It  is  a  combination  of  barium  sulphate 
(formed  by  reaction  between  the  barium  chloride  and  ferrous 
sulphate)  and  basic  carbonate  of  iron  (formed  by  interaction 
between  the  ferrous  chloride,  soda,  the  air,  and  moisture). 
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Mars  orange  is  made  by  slightly  calcining  the  yellow. 

Mars  red  is  made  by  calcining  the  yellow  at  a  red  heat. 

Mars  violet  is  made  by  calcining  the  yellow  at  a  white  heat. 

By  using  milk  of  lime  instead  of  the  soda  salt  the  colours 
could  be  made  cheaper,  a  plan  which  is  in  use  for  making 
some  forms  of  iron-reds  (see  p.  120). 

Mars  brown  was  made  in  a  similar  manner  from  a  mixture 
of  ferrous  sulphate,  alum,  and  manganese  chloride. 

Mars  colours  can  be  distinguished  from  the  ochres  and  ochre- 
reds  by  being  soluble  in  strong  hydrochloric  acid,  and  by 
containing  a  large  proportion  of  alumina,  but  no  silica. 

It  may  be  remarked  here  that  very  good  artificial  ochres  or 
Mars  yellow  have  been  prepared  from  various  waste  iron  liquors 
obtained  in  the  iron  trades. 

The  chief  difficulty  which  arises  is  to  prevent  the  ochre 
acquiring  too  red  a  tinge ;  this  can  probably  only  be  avoided  by 
working  in  the  cold  somewhat  quickly  and  not  allowing  the  iron 
solutions  to  oxidise  before  precipitation. 

TURNER'S  YELLOW. 

Turner's  yellow  (so  named  after  the  inventor,  James  Turner), 
or  patent  yellow  (from  its  having  been  patented  in  1781)  was  at 
one  time  largely  used ;  but  since  the  introduction  of  the  chrome- 
yellows  it  has  been  gradually,  and,  perhaps,  entirely  abandoned. 
It  has  been  known  as  Montpelier  yellow,  Cassel  yellow,  Kassler 
yellow,  Yerona  yellow,  mineral  yellow,  and,  probably,  by  other 
names. 

It  is  essentially  an  oxychloride  or  basic  chloride  of  lead.  It 
is  made  by  mixing  two  parts  of  litharge  and  one  part  of  salt  with 
water  to  a  thin  paste  and  allowing  the  mixture  to  stand  for  24 
hours,  stirring  at  intervals ;  at  the  end  of  this  time  it  will,  as  a 
rule,  have  a  white  colour ;  if  it  has  not,  more  water  must  be 
added  and  the  mixture  again  allowed  to  stand  for  another  24 
hours  or  until  it  becomes  white ;  it  is  now  washed  (to  free  it 
from  alkaline  salts),  dried,  then  put  into  a  crucible,  and  calcined 
at  a  gentle  heat  sufficient  to  melt  the  mass.  The  shade  of  colour 
depends  upon  the  temperature  and  duration  of  the  heating; 
usually  small  samples  are  taken  out  of  the  crucible  from  time  to 
time,  and  when  the  right  shade  has  been  obtained  the  contents 
of  the  crucible  are  allowed  to  cool,  after  which  they  are  ready 
for  use.    Sal  ammoniac  may  be  used  in  the  place  of  salt. 

Another  method  of  preparation  consists  in  precipitating  a 
solution  of  lead  with  hydrochloric  acid,  collecting  the  precipitate, 
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and  washing  and  calcining  the  lead  chloride  so  obtained ;  but 
the  result  is  not  so  good  as  that  obtained  by  the  process  above 
described. 

Turner's  yellow  is  met  with  in  many  shades  of  yellow,  from  a 
fairly  bright  yellow  to  a  dark  orange-yellow;  usually  it  is  in  the 
form  of  heavy,  glassy-looking  masses,  which  are  rather  difficult  to 
grind.  It  has  a  good  body  or  covering  power,  and  can  be  used 
either  as  an  oil-  or  water-colour.  It  is  not  a  permanent  colour, 
being  affected  by  exposure  to  light  and  air  and  to  sulphureous 
gases,  which  turn  it  brownish-black. 

NAPLES  YELLOW. 

Like  the  last  this  is  a  lead  colour  and  has  been  superseded  by 
the  chromes.  Naples  yellow  is  a  compound  of  the  oxides  of 
antimony  and  lead,  and  can  be  prepared  of  various  shades  and 
from  different  materials. 

(a)  1  part  of  tartar  emetic,  2  parts  of  lead  nitrate,  and  4  parts 
of  salt  are  intimately  mixed  together,  and  the  mixture  placed  in 
a  crucible  and  heated  to  fusion,  at  which  point  it  is  kept  for 
2  hours  ;  after  which  the  fused  mass  is  treated  with  water  to  wash 
out  the  soluble  alkaline  salts  present  in  it,  and  the  pigment  is 
dried  at  a  gentle  heat. 

{h)  1  part  of  tartar  emetic,  2  parts  of  red  lead,  and  4  parts  of 
salt  are  treated  as  above. 

(c)  3  parts  of  antimony,  1  part  of  zinc  oxide,  and  2  parts  of  red 
lead  are  heated  to  fusion  in  a  covered  crucible  for  4  hours;  after 
which  they  are  ground  under  water  and  the  pigment  dried  at  a 
gentle  heat. 

{d)  A  process  of  preparing  an  antimony-lead  yellow  from  the 
dross  of  lead  refining  was  patented  in  1858,  by  Dick,  which  con- 
sisted in  mixing  this  dross  (which  is  a  mixture  of  the  oxides  of 
lead  and  antimony  with  some  small  quantities  of  other  impurities) 
with  salt,  fusing  the  mass  for  2  to  3  hours,  then  washing  it  well 
with  water  and  drying  the  pigment. 

(e)  A  yellow  not  unlike  Naples  yellow  has  been  made  from  the 
three  oxides  of  tin,  lead,  and  antimony,  by  calcining  for  3  to  4 
hours  in  a  crucible  a  mixture  of  2  parts  of  levigated  crude  anti- 
mony, 2  parts  of  tin  ashes,  and  5  parts  of  white  lead ;  or  1  part 
each  of  tin  ashes,  litharge,  and  antimony  may  be  used. 

(^f)  1  part  of  type-metal,  2  parts  of  potassium  nitrate,  and 
4  parts  of  salt  are  fused  together,  and  the  fused  mass  treated  as  in 
process  a, 
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{g)  Processes  for  preparing  antimony  yellows  were  patented 
by  Hallett  and  Stenhouse^  in  1861,  as  follows  : — 1.  Antimony  ore 
was  calcined  and  then  mixed  with  oxide  of  zinc  and  litharge,  the 
mixture  being  fused.  2.  A  mixture  of  type-metal  and  zinc  oxide 
are  fused  together. 

The  yellows  made  by  the  above  methods  have  been  sold  under 
various  names — Naples  yellow,  Jaune,  solid  yellow,  antimony 
yellow,  &c.  They  were  rather  favourite  colours  at  one  time  with 
artists,  but  their  use  has  become  nearly  obsolete.  They  are 
bright  colours,  although  not  equal  to  the  chromes  in  this  respect ; 
are  fairly  fast  to  light,  but,  like  all  lead  colours,  are  affected  by 
sulphureous  gases ;  iron  has  an  injurious  effect  upon  these 
colours  so  that  they  cannot  be  ground  in  iron  mills  with  safety. 
They  are  equally  useful  as  oil-  or  water-colours,  and  are  of  good 
body  or  covering  power. 

KING'S  YELLOW. 

This  yellow,  which  at  one  time  was  in  extensive  use,  is  the 
trisulphide  of  arsenic,  As2  S^.  It  is  found  native  as  the  mineral 
orpiment,  which  is  sometimes  ground  up  and  used  us  a  pigment. 
The  artificial  colour  is  usually  made  by  precipitation,  but  it  can 
also  be  made  by  sublimation. 

1.  By  Precipitation. — {a)  Arsenic  is  dissolved  in  hydrochloric 
acid  and  a  current  of  sulphuretted  hydrogen  gas  passed  through 
the  solution  ;  a  fine  yellow  precipitate  of  the  colour  is  obtained, 
which  is  collected  and  dried  at  a  gentle  heat.  (6)  A  fine  yellow 
pigment,  formerly  sold  under  the  name  of  Hoyal  yellow,  is  made 
by  mixing  2  parts  of  barium  sulphate  with  1  part  of  charcoal  and 
calcining  the  mixture,  when  barium  sulphide  is  formed  ;  this  is 
ground  with  orpiment  and  water  into  a  fine  paste,  and  by  boiling 
with  water  a  sulpho-arsenite  of  barium  is  obtained ;  to  this  is 
added  dilute  sulphuric  acid  which  precipitates  a  mixture  of 
barium  sulphate  and  sulphide  of  arsenic  as  a  fine  yellow  colour, 
which  is  collected,  washed,  and  dried. 

2.  By  Sublimation. — 1  lb.  of  sublimed  sulphur  and  2  lbs.  of 
white  arsenic  are  thoroughly  mixed  together  and  placed  in  a 
crucible ;  this  is  covered  with  another  crucible  or  with  a  special 
condenser,  and  heated  in  a  furnace.  The  arsenic  and  sulphur 
react  and  form  the  sulphide,  which,  being  volatile,  sublimes  into 
the  cover,  and  is  collected,  washed,  and  dried ;  it  varies  a  little 
from  time  to  time  in  shade. 

King's  or  arsenic  yellow  is  a  very  bright  pigment,  almost 
rivalling  the  chromes  in  beautj^.    It  has  good  body  and  works 
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well  either  in  oil  or  water,  but  is  not  a  durable  colour,  as  exposure 
to  light  causes  it  to  fade,  while  air  and  moisture  have  no  action 
on  it.  It  does  not  mix  well  with  other  pigments,  since,  when 
associated  with  lead  pigments,  or  with  verdigris,  emerald  green, 
or  other  copper  pigments,  it  gradually  acquires  a  dark  brownish 
tint  owing  to  the  formation  of  the  black  sulphides  of  lead  and 
copper.  It  can  be  mixed  with  ultramarine,  cadmium  yellow,  or 
oxide  of  iron  without  change.  Being  an  arsenic  colour  it  is  very 
poisonous,  and,  therefore,  its  use  is  not  to  be  recommended. 
Partly  in  consequence  of  this  objection  it  has  become  nearly,  if 
not  entirely,  obsolete.  King's  yellow  forms  a  colourless  solution 
with  strong  hydrochloric  acid ;  as  also  with  caustic  soda,  from 
which,  on  adding  acid,  the  pigment  is  reprecipitated.  The 
presence  of  arsenic  may  be  tested  for  by  means  of  Marsh's  test, 
described  in  the  section  on  emerald  green. 

REALGAR,  ARSENIC  ORANGE. 

Realgar  is  a  native  arsenic  disulphide  found  in  small  quantities 
in  various  localities.  It  is  prepared  artificially  by  a  process  of 
sublimation  as  follows  : — (a)  A  mixture  of  8  lbs.  of  white  arsenic 
(arsenious  oxide)  and  4  lbs.  of  flowers  of  sulphur  are  heated  in  a 
crucible  as  in  making  orpiment.  (6)  A  mixture  of  30  lbs.  of 
arsenic,  20  lbs.  of  flowers  of  sulphur,  and  40  lbs.  of  charcoal  is 
made  ;  a  charge  of  60  lbs.  of  this  mixture  is  heated  at  a  time  in 
earthenware  crucibles  so  arranged  that  the  product  which  sub- 
limes can  be  collected.  This  sublimate  is  then  remelted  to  form 
the  colour.    Realgar  has  the  same  properties  as  orpiment. 

INDIAN  YELLOW. 

Indian  yellow  or  Purree  is  a  most  curious  product.  It  has  long 
been  used  in  India,  but  is  of  comparatively  recent  introduction 
in  this  country,  where  its  use  is  limited.  It  is  made  exclusively 
at  Monghyr  in  Bengal  by  a  caste  of  people  known  as  the  Gwalas. 
It  is  made  from  the  urine  of  cows  fed  upon  the  leaves  of  the 
mango  tree,  which  food  increases  the  secretion  of  bile  and  the 
excess  passes  into  the  urine  to  which  it  imparts  a  strong  yellow 
colour.  The  flow  of  the  urine  is  stimulated  by  the  Gwalas  gently 
rubbing  the  urinary  organs  two  or  three  times  a  day ;  indeed, 
the  cows  are  so  habituated  to  this  that  they  are  unable  to  pass 
the  urine  themselves ;  the  feeding  with  mango  leaves  is  so 
injurious  that  its  long  continuance  causes  the  death  of  the  cows, 
and  grass,  &c.,  is  occasionally  substituted  for  them ;  the  average 
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life  of  these  cows  is  from  six  to  seven  years.  The  urine  as  it 
comes  from  the  cows  is  collected,  and  each  evening  it  is  boiled 
down  in  earthen  vessels  when  the  yellow  is  deposited ;  it  is 
gathered  on  calico,  made  into  balls  and  sent  into  the  market  for 
sale.    The  annual  production  is  said  to  be  about  100  to  120  cwts. 

Indian  yellow  is  a  fairly  bright  yellow  pigment,  and  is  sold  in 
the  form  of  small  round  balls;  it  is  non-poisonous  and  has  a  good 
colouring  power ;  unfortunately  it  is  not  durable,  as  exposure  to 
light  soon  causes  it  to  fade.  Authorities  differ  somewhat  upon 
the  composition  of  Indian  yellow,  but  most  agree  that  it  is  a 
compound  of  a  peculiar  acid  known  as  euxanthic  acid  (which 
exists  in  the  purree)  combined  with  magnesia  ;  there  is  also 
present  potassium  benzoate  and  other  bodies.  The  acid  itself 
generally  crystallises  in  small  needles  of  a  pale  yellow  colour; 
it  is  slightly  soluble  in  cold  water,  more  readily  in  boiling 
water,  and  freely  in  ether  and  alcohol.  On  being  sub- 
jected to  dry  distillation  a  yellow  body,  called  euxanthone, 
sublimes.  The  salts  of  euxanthic  acid  are  all  yellow-coloured 
bodies ;  those  of  the  alkalies  are  soluble  in  water,  while  those  of 
most  of  the  metals  are  insoluble  and  may,  therefore,  be  used  as 
pigments. 

CADMIUM  YELLOW. 

This  important  yellow  pigment,  so  much  used  by  artists  on 
account  of  the  brilliance  of  its  colour  and  its  permanence,  is  the 
sulphide  of  the  metal  cadmium  and  is  composed  of 

Cadmium,   77*78  percent. 

Sulphur,  22-22 

and  has  the  formula  Cd  S.  It  is  made  by  passing  a  current  of 
sulphuretted  hydrogen  gas  through  solutions  of  cadmium  salts, 
as  shown  in  the  equation  : — 

CdCls     +    HsS    =    CdS    +  2HC1 

Cadmium  Sulphuretted  Cadmium 
chloride.        hydrogen.  sulphide. 

G.  Buchner  has  investigated  the  properties  of  cadmium  yellow 
more  thoroughly  than  any  other  chemist.  He  describes  *  four 
modifications  of  cadmium  sulphide  which  he  distinguishes  as 

1.  A-modifieation,  obtained  by  passing  a  current  of  sulphur- 
etted hydrogen  gas  through  a  slightly  acid  solution  of  a  cadmium 
salt.  The  colour  is  a  very  bright  and  pure  citron-yellow,  has  a 
good  body,  and  works  well  as  an  oil-colour.    By  various  means 

*  Chemiker  Zeitung  quoted  in  Journal  Socy,  Chem,  Ind.,  VI.,  665. 
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it  can  be  converted  into  the  B-modification.  When  used  as  an 
oil-colour  it  is  quite  permanent,  but  when  used  in  water,  or  kept 
in  a  moist  atmosphere,  it  gradually  undergoes  oxidation,  passing 
into  sulphate,  this  change  being  accompanied  by  a  loss  of  colour, 

2.  B-modification. — This  has  a  bright  vermilion-red  colour, 
and  is  obtained  by  passing  sulphuretted  hydrogen  gas  through  a 
strongly  acid  solution  of  a  cadmium  salt.  It  is  the  most 
permanent  form  of  cadmium  sulphide  and  is  unaffected  by 
exposure  to  light  and  air. 

The  author  has  been  unable  to  prepare  this  red  variety  of 
cadmium  yellow.  Although  Buchner  does  not  give  any  clear 
description  of  the  method  of  obtaining  it,  yet  from  the  remarks 
as  to  the  conditions  under  which  this  red  variety  is  formed,  it  is 
evident  that  it  cannot  be  obtained  by  precipitation  free  from  the 
yellow  variety,  and  that  the  process  of  separation  consists  in 
exposing  the  mixture  of  yellow  and  red  sulphides  to  light  and 
air  for  some  considerable  period.  It  is  not  practicable  to  prepare 
this  variety  as  a  commercial  article. 

3.  C-modification. — A  variety  soluble  in  water,  of  no  practical 
interest,  and  prepared  by  a  process  of  dialysis. 

4.  D-modifioation. — This  variety  has  a  pale  yellowish  colour 
and  little  or  no  body.  It  is  prepared  by  passing  sulphuretted 
hydrogen  gas  through  an  ammoniacal  solution  of  a  cadmium 
salt.    It  is  of  no  practical  use. 

Cadmium  yellow  is  made  commercially  in  various  shades  of 
yellow  and  orange,  the  processes  for  the  production  of  which  are 
described  below. 

Preparation  of  Yellow  Cadmium. — This  is  prepared  in  several 
ways.  1.  A  slightly  acid  solution  of  any  cadmium  salt  is  pre- 
pared and  through  it  is  passed  a  current  of  sulphuretted  hydro- 
gen gas;  the  apparatus  shown  in  Fig.  17,  p.  124  may  be  used. 
This  has  a  pure  chrome-yellow  shade.  2.  A  lemon-yellow  shade 
is  obtained  by  dissolving  1  lb.  of  cadmium  sulphate  in  4  gallons 
of  water  and  adding  1^^  gallons  of  the  ordinary  yellow  ammonium 
sulphide.  3.  Or  a  solution  of  cadmium  sulphate  is  made,  to 
which  is  added  a  solution  of  sodium  thiosulphate  and  a  little 
sulphuric  acid  and  the  mixture  boiled  for  an  hour.  This  variety 
contains  much  free  sulphur,  and  is,  hence,  liable  to  undergo 
oxidation  to  sulphuric  acid,  which  destroys  the  yellow. 

Preparation  of  Orange  Cadmium. — 1.  A  solution  of  cadmium 
sulphate  or  chloride  is  prepared.  It  is  made  strongly  acid  by  the 
addition  of  excess  of  hydrochloric  acid,  and  a  current  of  sul- 
phuretted hydrogen  gas  is  passed  through  it.  2.  1  lb.  of  cadmium 
sulphate  is  dissolved  in  4  gallons  of  water ;  the  solution  is  boiled, 
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and  while  boiling,  yellow  ammonium  sulphide  is  added.  All  the 
precipitates  of  yellow  obtained  in  the  various  ways  just  described 
must  be  well  washed  in  water,  especially  those  obtained  with 
the  ammonium  sulphide,  to  free  them  from  any  trace  of  acid  or 
sulphide  which,  if  left  in,  would  ultimately  lead  to  the  destruction 
of  the  colour.  After  being  washed  they  should  be  thoroughly 
dried  at  as  low  a  temperature  as  possible,  not  exceeding  about 
150°  to  160°  F. ;  too  high  a  temperature  causes  the  shade  to 
become  brown  while  hot,  and  although  the  colour  comes  back  on 
cooling,  yet  it  never  quite  regains  the  original  brilliancy. 

PROPERTIES  OF  CADMIUM  YELLOW.— Pure  cad- 
mium yellow  is  one  of  the  most  permanent  pigments  known ;  it 
is  unaffected  by  exposure  to  light  and  air.  It  mixes  with  any 
vehicle  used  in  painting.  When  heated  strongly  the  colour 
darkens,  changing  to  a  dark  violet-red ;  on  cooling,  the  original 
colour  comes  back,  not,  however,  always  in  its  original  brilliance, 
bvit  with  a  brownish  tone.  The  impure  yellows,  those  which  are 
made  with  yellow  ammonium  sulphide  or  sodium  thiosulphate, 
are  not  permanent  pigments.  When  they  are  exposed  to  the 
combined  action  of  air  and  moisture,  the  free  sulphur  they  con- 
tain becomes  oxidised  to  sulphuric  acid,  and  this,  acting  on  the 
yellow  cadmium,  changes  it  to  sulphate,  which  change  is  shown 
by  a  bleaching  of  the  colour,  and  occurs  whether  the  pigment  be 
ground  or  used  in  oil  or  water. 

Cadmium  yellow  can  be  mixed  with  almost  all  the  other  pig- 
ments without  affecting  them  or  being  affected  by  them  ;  the  only 
exceptions  are  those  pigments  which,  like  white  lead,  emerald- 
green,  and  the  chrome-yellows,  contain  lead  or  copper  as  their 
basis.  When  such  pigments  are  mixed  with  cadmium  yellow 
double  decomposition  sets  in,  resulting  in  the  formation  of  black 
sulphide  of  lead  or  copper  as  the  case  may  be ;  the  production  of 
either  compounds  causes  the  mixture  to  acquire  a  greyish  or 
brownish  tint. 

ASSAY  AND  ANALYSIS  OF  CADMIUM  YELLOW, 

— Besides  the  usual  tests  for  colour  and  body,  cadmium  yellow 
should  satisfy  the  following  tests  : — Strong  hydrochloric  acid 
should  completely  dissolve  the  yellow  with  evolution  of  sul- 
phuretted hydrogen  to  a  clear  colourless  solution,  from  which,  on 
dilution  with  water  and  passing  sulphuretted  hydrogen  gas,  a 
yellow  precipitate  only  should  be  obtained.  The  filtrate  from 
this  precipitate  should  give  no  precipitates  on  adding  ammonia 
and  ammonium  sulphide.  The  addition  of  barium  chloride  to 
the  solution  should  produce  no  turbidity.  On  boiling  with  caus- 
tic soda,  filtering  off  the  residue  and  adding  hydrochloric  acid  to 
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the  filtrate  no  yellow  precipitate,  indicating  the  presence  of 
arsenic  yellow,  should  be  obtained.  Carbon  bisulphide  should 
extract  no  sulphur  from  it.  Samples  should  not  yield  anything 
to  water  when  boiled  with  it.  The  aqueous  liquor  should  not 
give  any  precipitates  with  silver  nitrate  or  barium  chloride  nor 
any  acid  or  alkaline  reactions  to  test  papers. 

Cadmium  yellow  is  rarely  adulterated ;  the  common  adulter- 
ants are  arsenic  yellow,  zinc  chrome,  and  the  chrome-yellows, 
the  presence  of  which  can  be  distinguished  by  the  application  of 
the  characteristic  tests,  which  are  given  under  the  respective 
pigments. 

AUREOLIN. 

This  pigment  is  a  double  nitrite  of  potassium  and  cobalt  pre- 
pared by  precipitating  cobalt  nitrate  with  sodium  carbonate, 
dissolving  the  precipitate  in  acetic  acid  and  adding  a  strong  solu- 
tion of  potassium  nitrite.  On  allowing  the  mixture  to  stand  for 
some  time  the  colour  is  gradually  precipitated,  and  is  collected 
and  washed  ;  after  being  dried  it  is  ready  for  use. 

Aureolin  is  of  a  bright  yellow  colour,  but  is  not  permanent, 
being  affected  by  exposure  to  light  and  air;  acids  dissolve  it, 
while  alkalies  have  no  action. 
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CHAPTER  V. 

GREEN  PIGMENTS. 

The  green  pigments  in  common  use  by  the  painter  and  the 
artist  are  derived  from  both  natural  and  artificial  sources,  but 
usually  from  the  latter.  The  green  pigments  are  valuable, 
largely  made  and  used,  and  are  fairly  numerous. 

The  commonest  are  those  known  as  Brunswick  greens,  which 
are  made  in  very  large  quantities  for  common  painting ;  next  is 
emerald-green,  although  this  colour,  owing  to  its  poisonous 
nature,  is  gradually  being  displaced  by  substitutes  made  from  the 
coal-tar  greens  ;  then  comes  the  true  chrome-green;  then  some 
of  the  other  copper-greens ;  while  the  rest  are  only  used  on  a 
limited  scale. 

BRUNSWICK  GREEN. 

Under  the  names  of  pale  Brunswick  green,"  "  middle  Bruns- 
wick green,"  ^'  deep  Brunswick  green,"  are  sent  out  several  green 
pigments,  varying  in  shade  or  tint  from  a  pale  yellowish-green  to 
a  very  deep  blue-green.  These  pigments  are  made  in  very  large 
quantities,  and  are  mixtures,  in  various  proportions,  of  chrome- 
yellow,  Prussian  blue,  and  barytes.  They  must  not  be  con- 
founded with  the  pigment  originally  known  under  the  same 
name,  which  was  a  compound  of  copper,  and  which  has  almost 
completely  gone  out  of  use. 

Brunswick  greens  can  be  made  in  various  ways,  almost  every 
colour  maker  having  his  own  favourite  manner  of  mixing  the 
various  ingredients  together. 

DRY  METHOD. — In  this  method  the  materials  composing 
the  green  are  thrown  into  the  pan  of  an  edge-runner  grinding 
mill  or,  better,  into  a  mixing  and  sifting  mill;  in  the  former 
the  materials  are  ground  as  well  as  mixed,  and  this  probably 
has  some  influence  in  developing  the  tint  of  the  green.  The  main 
advantage  in  this  method  is  considered  to  be  that  the  shade  of 
green  which  is  being  produced  is  visible  while  in  the  mill,  and 
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that  if  the  shade  or  tint  that  is  being  produced  is  too  yellow  as 
compared  with  a  standard  sample,  then,  by  throwing  a  little  more 
blue  into  the  mill,  the  fault  can  be  remedied  at  once  ;  but  against 
this  advantage  must  be  set  off  the  disadvantage  that  the  tints  of 
green  are  not  so  fine  as  those  which  are  obtainable  by  wet  methods. 
The  following  proportions  can  be  taken  as  guides  in  making  the 
various  shades  of  Brunswick  green  by  this  dry  method  : — 

Pale  Brunswick  Green. —  1  cwt.  of  barytes,  IJ  lbs.  of 
Prussian  blue,  and  35  lbs.  of  chrome-yellow. 

Middle  Brunswick  Green. — 1  cwt.  of  barytes,  2^  lbs.  of 
Prussian  blue,  and  35  lbs.  of  chrome-yellow. 

Deep  Brunswick  Green. — 1  cwt.  of  barytes,  5  lbs.  of  Prussian 
blue,  and  35  lbs.  of  chrome-yellow. 

Extra  Deep  Brunswick  Green. — 1  cwt.  of  barytes,  8  lbs.  of 
Prussian  blue,  and  35  lbs.  of  chrome-yellow. 

The  quality  and  tint  of  the  chrome-yellow  used  will  be  found 
to  have  some  influence  upon  the  tint  of  the  green  produced ;  for 
the  pale  shades  lemon-chromes  should  be  used ;  while  for  the 
deep  shades  the  middle  shades  of  chrome  can  be  used.  Before 
making  up  a  large  batch  of  green  with  a  new  batch  of  either 
chrome-yellow  or  Prussian  blue  a  small  trial  lot  should  be  made 
to  see  if  the  two  pigments  will  produce  the  required  shade,  as 
experience  shows  that  different  makes  of  chrome-yellows,  even  if 
of  the  same  shade,  do  not  always  give  the  same  results  in  making 
these  greens ;  while  the  difference  between  two  makes  of  Prussian 
blue  as  green-producers  is  greater  than  that  between  two  makes 
of  chrome-yellow. 

For  making  the  palest  shades  of  Brunswick  greens,  only  the 
best  and  brightest  Prussian  blues  should  be  used ;  for  the  darker 
shades  of  green  the  quality  of  the  blue  is  not  of  so  much  con- 
sequence. 

The  barytes  may  be  replaced  with  gypsum,  if  thought  fit ;  less 
gypsum  is  required  to  produce  a  given  tint  of  green  than  barytes, 
the  proportion  being  about  1  cwt.  of  gypsum  to  2  J  cwts.  of  barytes. 

WET  METHODS. — The  wet  methods  are  those  commonly 
adopted  by  makers  of  Brunswick  greens,  partly  because  they  are 
the  oldest  (for  colour  makers  are  so  conservative  that  it  is 
difficult  to  induce  them  to  alter  their  methods),  and,  partly, 
because  the  wet  methods  produce  the  finest  greens;  but  they  are 
very  much  more  troublesome  to  carry  out  and  require  no  little 
practical  experience  on  the  part  of  a  colour  maker  to  produce  the 
best  results.  From  the  recipes  which  have  been  given  above  it 
will  be  seen  that  barytes  is  the  principal  ingredient  in  these 
greens ;  hence  the  principle  which  should  underlie  all  wet  pro- 
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cesses  is  to  precipitate  the  yellow  and  the  blue  constituents  on 
the  barytes  simultaneously.  This  is  by  no  means  easy  to  do,  and 
yet  much  of  the  brilliancy  of  the  green  depends  upon  this  being 
done  as  successfully  as  possible.  The  best  way  to  ensure  this 
result  would  be  to  mix  solutions  of  the  acetates  of  lead  and  iron 
or  of  the  nitrates  of  those  metals  together  and  to  add  the  barytes 
and  precipitate  with  a  mixture  of  the  bichromate  and  ferrocyanide 
of  potash,  but,  unfortunately,  this  course  is  not  at  present 
available,  for  the  reason  that  while  the  acetate  or  nitrate  of  lead 
can  be  purchased  on  a  commercial  scale  of  sufficient  purity,  the 
acetate  or  nitrate  of  iron  is  not  so  purchasable  ;  the  common  iron 
liquor  is  too  impure  for  use  in  making  greens,  while  the  nitrate 
of  iron  so-called  is  of  too  variable  a  composition  to  be  recommended 
for  use  in  colour  making. 

The  materials  which  are  used  in  the  preparation  of  the  greens 
are  copperas  (ferrous  sulphate),  which  should  be  used  as  pure 
and  as  fresh  as  possible,  the  variety  known  as  green  copperas  is 
the  one  required,  acetate  of  lead,  bichromate  of  potash,  ferrocy- 
anide of  potassium  (yellow  prussiate  of  potash),  and  barytes.  The 
red  prussiate  of  potash  would  give  rather  better  results  than  the 

yellow,  only  that  its  extra  cost  is  against  its  use  for  making 

greens  for  common  use ,  but  when  a  good  price  is  obtainable  its 

use  is  to  be  recommended,  as  the  green  is  much  easier  to  make 

with  it  than  with  the  yellow  prussiate. 

For  producing  the  various  shades  ot  Brunswick  greens  the 

following  proportions  may  be  used  which,  as  well  as  those  given 

above,  may  be  varied  so  as  to  suit  the  special  requirements  of 

each  individual  maker.    The  following  points  are,  however,  well 

worth  attending  to  in  making  alterations  in  the  proportions.  1st. 

That  equal  weights  of  prussiate  and  copperas  must  be  used.  2nd. 

That  the  proportion  of  acetate  of  lead  to  the  bichromate  of  potash 

should  be,  as  nearly  as  possible,  10  to  3J. 

Pale  Brunswick  Green. — 1  cwt.  of  barytes,  13  lbs.  of  acetate 

of  lead,  1  lb.  of  copperas,  1  lb.  of  yellow  prussiate  of  potash,  and 

4  lbs.  of  bichromate  of  potash. 

Middle  Brunswick  Green. — 1  cwt.  of  barytes,  13|  lbs.  of 

acetate  of  lead,  1|  lbs.  of  copperas,  IJ  lbs,  of  yellow  prussiate  of 

potash,  and  4J  lbs.  of  bichromate  of  potash. 

Deep  Brunswick  Green. — 1  cwt.  of  barytes,  14  lbs.  of 

acetate  of  lead,  2  lbs.  of  copperas,  2  lbs.  of  yellow  prussiate  of 

potash,  and  4J  lbs.  of  bichromate  of  potash. 

Extra  Deep  Brunswick  Green. — 1  cwt.  of  barytes,  16  ibs. 

of  acetate  of  lead,  4  lbs.  of  copperas,  4  lbs.  of  yellow  prussiate  of 

potash,  and  5  lbs.  of  bichromate  of  potash. 
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Instead  of  the  bichromate  of  potash  the  bichromate  of  soda 
may  be  used  with  some  advantage,  on  account  of  its  greater 
solubility  and  less  cost. 

Instead  of  barytes,  any  white  pigment  may  be  used,  when  it 
will  be  found  that  a  smaller  quantity  will  be  required  to  give  a 
green  of  the  same  depth  of  colour ;  or,  to  put  it  in  another  way, 
an  equal  weight  of  another  white  base  will  require  a  greater 
quantity  of  the  other  ingredients  to  produce  the  same  shade  of 
colour ;  with  gypsum  the  proportion  will  be  about  2|  times  as 
much,  with  china  clay  about  3  or  4  times  as  much,  and  with,  zinc 
white  from  4  to  5  times  as  much ;  it  is  very  rarely  that  any 
other  pigment  than  barytes  is  used  in  making  these  greens. 

By  varying  the  proportions  a  great  variety  of  green  shades  can 
be  produced.  It  is  mainly  owing  to  the  variable  proportions 
used  that  the  middle  green,  say,  of  one  maker  so  seldom  has 
exactly  the  same  tint  or  depth  of  colour  as  that  of  another 
maker. 

The  following  is  the  best  method  of  working,  in  order  to 
obtain  good  bright  pigments  with  the  ingredients  given  above. 
The  iron  salt  is  dissolved  in  a  tank  of  cold  water,  the  lead  salt  is 
similarly  dissolved  in  another  tank,  while  the  two  potash  salts 
can  be  dissolved  together  in  one  tank.  The  barytes  is  thoroughly 
mixed  with  water  in  another  tank,  and,  when  properly  mixed, 
the  iron  solution  is  run  in  with  constant  stirring ;  and  then  the 
lead  salt  is  run  in.  Some  of  the  lead  will  be  precipitated  as  the 
sulphate,  owing  to  double  decomposition  taking  place  between 
the  two  salts,  but  this  cannot  be  avoided,  so  that  allowance 
should  be  made  for  it  in  all  recipes  for  making  Brunswick  green 
by  increasing  the  amount  of  acetate  of  lead  as  the  quantity  of 
copperas  is  increased ;  every  extra  pound  of  the  latter  will 
require  1  lb.  3  oz.  of  acetate  of  lead  to  be  added  in  addition  to 
that  required  to  form  chrome-yellow  with  the  bichromate.  After 
the  lead  has  been  run  in  and  mixed  with  the  rest  of  the  in- 
gredients, the  whole  is  kept  stirred  while  the  potash  salts  are 
run  in ;  the  green  soon  forms  and  is  allowed  to  settle ;  the  clear 
liquor  at  the  top  is  run  off  and  the  pigment  washed  by  running 
in  water  and  stirring  well,  again  allowing  to  settle  and  running 
off  the  wash  waters ;  this  washing  should  be  repeated  once  or 
twice.  Then  the  colour  is  taken  out,  thrown  on  filters  to  drain, 
and,  finally,  dried  at  a  gentle  heat.  Various  other  methods  of 
manipulating  the  preparations  of  these  greens  are  m  use  among 
the  various  makers,  but  it  is  not  necessary  to  describe  them. 

A  method  of  working,  which  has  been  used  by  the  author  with 
very  good  results  as  to  ease  and  quality  of  the  colour  produced, 
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is  to  grind  all  the  ingredients  together,  in  the  proportions  given 
above,  in  an  edge-runner  mill,  and  when  they  are  properly 
mixed,  to  put  them  into  the  tub  and  run  water  on  to  them,  with 
constant  stirring ;  the  green  is  rapidly  developed,  and  is  allowed 
to  settle ;  the  clear  top  liquor  is  then  run  off,  and  fresh  water 
run  on  to  wash  the  pigment,  after  which  it  is  finished  as  usual. 

These  greens  are  sold  under  a  variety  of  names — Brunswick 
green  (which  is  the  commonest),  Ohrome-green,  Victoria  green, 
Prussian  green,  &c. 

COMPOSITION  AND  PROPERTIES  OF  BRUNSWICK 

GREENS. 

These  pigments  are  compounds  of  barytes,  chrome-yellow, 
Prussian  blues,  with  occasionally  small  quantities  of  lead  sulphate, 
gypsum,  and  other  bodies.  The  following  analyses  made  by 
the  author  of  different  shades  of  these  greens,  of  a  good  make, 
will  show  the  average  composition  of  the  pigments  : — 


ANALYSES  OF  BRUNSWICK  GREENS. 


Pale. 

Middle. 

Deep 

Extra 
deep. 

Water,  .... 

1-000 

0-800 

1-000 

0-800 

Barytes,  .... 

72-744 

71-944 

72-764 

71-404 

Gypsum,  .... 

2-341 

traces. 

traces. 

Prussian  blue,  . 

0-929 

0-442 

4  543 

6-910 

Chrome-yellow, 

14-266 

25-734 

17-660 

17-867 

Lead  sulphate, 

8  073 

1039 

3-280 

3152 

99-353 

99-959 

99-247 

100-130 

They  are  good  pigments,  and  work  well  both  in  oil  and  water, 
especially  the  former ;  their  opacity  is  good,  and,  therefore,  they 
have  good  body  or  covering  power,  in  this  respect  surpassing  all 
other  green  pigments.  They  can  be  mixed  with  other  pigments, 
with  but  few  exceptions,  without  any  change  being  brought 
about  by  interaction ,  these  exceptions  being  those  pigments 
containing  sulphur,  which  would  act  upon  the  chrome-yellow 
and  darken  the  green,  by  the  production  of  black  lead  sulphide 
and  highly  basic  colours,  like  whiting  or  lime,  which  would  act 
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both  upon  the  chrome-yellow  and  the  blue,  turning  the  green 
into  a  red. 

They  are  fairly  permanent  when  exposed  to  light  and  air,  for, 
although  not  quite  permanent,  they  are  so  for  all  practical 
purposes ;  exposure  to  light  causes  the  yellow  constituent  to 
fade  first,  as  a  rule,  so  that,  especially  in  the  dark  shades,  the 
green  has  a  tendency  to  turn  blue,  but  in  this  respect  the  blue 
is  very  variable;  in  some  makes  the  yellow  goes  first,  in  others 
the  blue,  much  probably  depends  upon  the  composition  of  the 
particular  green  and  the  circumstances  under  which  it  is  placed. 

Acids  turn  the  colour  bluer,  owing  to  their  dissolving  out  the 
chrome-yellow ;  on  the  other  hand,  alkalies  turn  it  orange, 
owing  to  their  combined  action  both  on  the  blue  (turning  this 
of  a  reddish-brown)  and  on  the  yellow  (which  they  turn  orange), 
as  is  noted  in  describing  the  blue  and  the  yellow  in  their 
respective  places.  Sulphuretted  hydrogen  darkens  the  tint 
considerably. 

ASSAY  AND  ANALYSIS  OF  BRUNSWICK  GREENS. 

— Brunswick  greens  require  assaying  for  colour  or  tint,  covering 
power  or  body,  brilliance,  <fec.,  by  the  usual  methods.  Since,  as 
already  stated,  the  pale  shade  of  one  maker  may  not  exactly 
agree  with  the  pale  shade  of  another  maker,  the  different  makes 
should  always  be  compared  together  for  the  various  properties 
just  named ;  as  a  rule,  it  will  be  found  that  different  batches  of 
the  same  maker's  green  will  match  one  another  very  closely. 

It  is  rarely  that  an  analysis  of  these  greens  is  required ;  but, 
if  so,  the  following  method,  described  by  Brown,"^  may  be 
followed : — 

1.  For  Chrome  Green. — Weigh  out  2  grammes  of  the  green, 
treat  with  28  to  30  cc.  of  strong  hydrochloric  acid,  at  the  boil,  for 
about  10  minutes,  then  filter  while  still  hot,  and  wash  well  with 
boiling  water,  adding  the  wash  waters  to  the  filtrate. 

The  residue,  consisting  of  barytes  and  Prussian  blue,  is 
strongly  heated  until  the  blue  is  decomposed,  and,  after  cooling, 
the  residue  is  weighed;  this  gives  the  weight  of  oxide  of  iron 
and  barytes  in  the  green.  Treat  the  residue  with  a  mixture  of 
nitric  and  hydrochloric  acids,  boil  well,  then  dilute  with  water 
and  filter;  dry,  ignite,  and  weigh  the  residue,  which  is  the 
barytes ;  deduct  this  weight  from  the  original  weight  of  barytes 
plus  oxide  of  iron  ;  the  difference  is  the  amount  of  oxide  of  iron, 
which,  multiplied  by  2*212,  gives  the  amount  of  Prussian  blue 
in  the  green. 

Filtrate, — Nearly  neutralise  by  the  addition  of  ammonia,  then 
*  Brown,  Chemical  News,  December  31,  1886. 
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pass  a  current  of  sulphuretted  hydrogen  gas  through  the  solution, 
which  will  precipitate  the  lead  as  lead  sulphide  ;  filter  this  off 
and  wash  the  precipitate,  adding  the  wash  water  to  the  filtrate. 

Lead  Sulphide, — Treat  the  precipitate  of  lead  sulphide  with  hot 
nitric  acid,  boil  down  to  a  small  bulk,  then  add  a  little  strong 
sulphuric  acid,  heat  until  acid  fumes  begin  to  appear,  then  allow 
to  cool,  add  water  and  a  little  alcohol,  filter,  wash,  and,  after 
drying  and  igniting  the  precipitate  in  the  usual  way,  weigh  as 
lead  sulphate.  This  gives  the  total  amount  of  lead  in  the  green, 
which  may  be  in  the  condition  of  sulphate  as  well  as  of  chromate 
(see  the  analyses  given  above). 

Filtrate  from  the  Lead  Sulphide. — This  contains  the  chromium 
and  occasionally  a  little  iron.  Boil  down  to  a  small'  bulk,  then 
test  the  solution  for  iron  by  taking  a  drop  out  with  a  glass  rod 
and  placing  it  on  a  piece  of  paper  moistened  with  potassium 
ferrocyanide ;  if  a  blue  spot  appears,  then  iron  is  present,  and  the 
solution  is  treated  according  to  method  No.  1  ]  if  iron  is  absent 
it  is  treated  according  to  method  No.  2. 

Method  No.  1. — Boil  the  solution  with  nitric  acid  and  potassium 
chlorate  until  a  clear  yellow  solution  is  obtained,  then  add 
sufficient  ammonia  to  precipitate  the  iron,  filter  off,  wash,  dry, 
and  weigh  the  precipitate,  which  weight  is  to  be  added  to  the 
weight  of  the  iron  previously  found.  Take  the  filtrate  from  the 
iron  precipitate,  boil  down  to  a  small  bulk,  add  some  strong 
hydrochloric  acid  and  a  little  alcohol  and  boil  until  the  colour  of 
tlie  solution  becomes  a  clear  green ;  this  is  effected  by  cautious 
addition  of  more  acid  and  alcohol,  if  required,  but  too  great 
excess  of  either  must  be  avoided ;  to  the  solution  is  added 
ammonia  in  excess  and  the  mixture  is  boiled  until  it  gives  on 
filtering  a  colourless  filtrate  ;  the  precipitate  consists  of  chromium 
hydroxide,  which  is  filtered  off,  dried,  ignited,  and  weighed ;  the 
weight  multiplied  by  4*24:1  gives  the  weight  of  chrome-yellow 
(pure  chromate  of  lead)  in  the  green. 

Method  No.  2. — The  filtrate  from  the  lead  sulphide  in  which  no 
iron  is  present  is  boiled  and  ammonia  added  in  excess ;  the  mix- 
ture is  then  treated  as  described  under  method  No.  1,  from  the 
same  point. 

2.  For  Lead  Sulphate. — Weigh  out  2  grammes  of  the  green, 
boil  with  hydrochloric  acid,  filter  while  still  hot,  and  wash  with 
boiling  water ;  evaporate  the  filtrate  down  and,  while  still  boiling, 
add  barium  chloride  in  slight  excess  j  filter,  wash  well  with 
boiling  water,  and  treat  the  precipitate  of  barium  sulphate  in  the 
usual  way.  The  weight  of  barium  sulphate  multiplied  by  1*3 
gives  the  weight  of  lead  sulphate  in  the  green.    The  difference 


BRUNSWICK  GREEN. 


173 


between  this  amount  and  that  found  in  the  first  instance  repre- 
sents the  lead  which  is  present  in  the  green  in  other  forms. 

A  qualitative  analysis  should  always  precede  a  quantitative 
one ;  and  the  above  scheme  should  be  modified  if  such  an 
analysis  shows  that  other  constituents,  besides  those  mentioned 
above,  are  present  in  the  greens.  The  notes  on  the  analysis 
of  chrome-yellows  (p.  141)  will  be  found  useful. 

BRUNSWICK  GREEN. 

The  modern  Brunswick  greens  must  not  be  confused  with  the 
pigment  which  was  made  and  sold  at  one  time  under  this  name 
and  which  has  now  become  quite  obsolete.  This  old  Brunswick 
green  was  a  basic  chloride  of  copper,  sometimes  called  an  oxy- 
chloride,  Cu.2  0  Clg.    It  can  be  prepared  by  several  methods. 

L  20  lbs.  of  copper  turnings  are  placed  in  a  vessel  capable  of 
being  closed ;  over  them  is  poured  a  solution  of  30  lbs.  of 
ammonium  chloride  in  6  gallons  of  water ;  the  vessel  is  closed  up 
and  the  contents  well  mixed  by  shaking ;  the  vessel  is  kept  in  a 
warm  place  for  about  two  months,  and  at  intervals  the  contents 
are  mixed  by  shaking  up ;  at  the  end  of  the  time  the  vessel  is 
opened,  when  it  will  be  found  that  most  of  the  copper  has  been 
converted  into  the  green  oxychloride. 

2.  Into  a  wooden  tub  is  placed  about  1  cwt.  of  old  sheet 
copper  cut  into  small  pieces  ;  over  them  is  poured  a  solution  of 
105  lbs.  of  sulphate  of  potash  and  1  cwt.  of  common  salt;  the 
mass  is  allowed  to  react  together  for  some  time,  the  length  of 
which  depends  upon  the  temperature,  and  is  longer  in  winter 
than  in  summer.  The  green  gradually  forms,  and  when  it  is 
seen  that  most  of  the  copper  has  been  converted,  the  green  is 
separated  from  the  undecomposed  copper  by  sieving  and  washing. 

3.  1  cwt.  of  copper  is  mixed  with  67  lbs.  of  salt  and  34  lbs.  of 
sulphuric  acid  mixed  with  3  times  its  volume  of  water;  after 
standing  some  time  the  green  is  formed,  when  it  is  treated  as 
before. 

4.  Metallic  copper  is  taken  and  just  covered  with  a  strong 
solution  of  chloride  of  copper  and  left  until  it  is  changed  into  the 
basic  chloride,  when  it  is  finished  as  described  under  method  2. 

The  preparation  of  Brunswick  green  is  a  very  slow  operation, 
extending  over  2  to  4  months  as  a  rule ;  in  all  cases  the  green  is 
collected  by  washing  it  with  water  to  free  it  from  any  alkaline 
bodies,  sieving  to  free  it  from  unchanged  copper,  drying  slowly 
at  a  low  temperature,  since  high  temperatures  tend  to  decompose 
it ;  necessarily  it  is  somewhat  costly. 
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As  a  pigment  it  is  fairly  good,  working  well  both  in  oil  and 
water,  and  having  a  good  covering  power ;  in  tint  it  has  some- 
what of  a  bluish-green  cast  of  no  great  depth  of  colour.  It  is  not 
quite  permanent,  although  it  resists  some  considerable  amount 
of  exposure  to  light  and  air.  In  its  general  properties  it  closely 
resembles  the  Bremen  blues  and  the  Bremen  greens,  which  see. 


CHROME- G-REEN. 

True  chrome-green  is  a  most  valuable  pigment,  not  only  on 
account  of  the  brilliance  of  its  colour,  but  also  on  account  of  its 
great  permanence,  being  in  fact  the  most  permanent  green 
pigment  known. 

In  its  chemical  composition  chrome-green  varies  somewhat 
according  to  the  method  of  making;  in  some  cases  it  consists 
entirely  of  the  oxide  of  chrome,  Cr^  O3;  in  others  of  the  phosphate 
of  chrome,  Org  2  P  O4 ;  while  in  yet  others  it  is  a  mixture  of  these 
bodies.  It  should  not  be  confused  with  the  mixture  of  chrome- 
yellow  and  Prussian  blue  which  is  sometimes  sold  as  chrome- 
green. 

Various  methods  are  in  use  for  preparing  chrome-green. 

1.  Guig7iefs  Process. — Guignet  was  one  of  the  first  to  prepare 
chrome-green,  if  not  the  very  first;  hence  the  pigment  is 
frequently  sold  under  the  name  of  "  Guignet's  green,"  mostly  to 
calico-printers  in  the  form  of  paste.  Guignet  uses  boric  acid 
(boracic  acid)  and  bichromate  of  potash.  As  a  rule,  the  com- 
mercial articles  are  of  sufficient  purity  to  prepare  good  pigments 
with.  But  if  very  good  results  are  required  it  is  advisable  to 
purify  them  by  re-crystallisation. 

88  lbs.  of  potassium  bichromate  and  33  lbs.  of  boracic  acid  are 
ground  into  a  stiff*  paste  with  water;  the  mixture  is  then  put 
into  a  furnace  where  it  is  heated  to  a  dark  red  heat  for  4  hours. 
A  form  of  reverberatory  furnace  is  the  best  that  can  be  used. 
The  fused  mass  is  thrown  into  water  and  repeatedly  washed  by 
decantation ;  the  washed  pigment  is  ground  whilst  still  wet 
under  an  edge-runner  mill,  again  washed,  filtered,  and  dried. 

The  first  wash-waters  contain  a  good  deal  of  the  boracic  acid 
in  the  form  of  potassium  borate ;  this  acid  may  be  recovered  and 
used  over  again  ;  the  waters  are  boiled  down  a  little  and  to  the 
liquor  is  added  hydrochloric  acid;  this  throws  out  the  boracic 
acid,  which  gradually  collects  in  the  form  of  crystals  on  standing; 
these  crystals  can  be  collected  and  used  for  making  another 
batch  of  green ;  in  this  way  at  least  70  to  75  per  cent,  of  the 
boi^acic  acid  originally  used  is  recovered. 
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The  reaction  which  takes  place  between  the  boracic  acid  and 
the  bichromate  is  expressed  in  the  following  equation  : — 

3K2Cr2  07  +  2H3BO3  =  3  Org  He  Oe  +  2K3BO3  +  9  0 

from  which  it  can  be  calculated  that  a  considerable  excess  of 
boracic  acid  has  been  used  in  the  process  of  making  the  colour; 
this  excess  is  not  wasted,  since  part  is  recovered,  and,  moreover, 
an  excess  is  necessary  for  the  production  of  a  fine  quality  of  the 
pigment.  Borax  cannot  be  substituted  for  the  boracic  acid. 
Chrome-green  made  by  this  process  has  a  fine  yellow-green  tint. 

2.  3  lbs.  of  bichromate  of  potash  and  2  lbs.  of  ammonium 
chloride  are  thoroughly  mixed  together  into  a  paste  with  water; 
this  is  dried  and  then  calcined  at  a  red  heat  in  a  furnace ;  the 
calcined  mass  is  well  washed  in  water,  and  the  pigment  thus 
obtained  is  ground.  This  process  gives  a  fine  quality  of  green, 
but  it  is  not  quite  equal  to  that  obtained  by  the  last  process. 

3.  When  solutions  of  ammonia  or  caustic  soda  or  carbonate  of 
soda  are  added  to  solutions  of  the  basic  chromium  salts  a  pre- 
cipitate of  the  hydroxide.  Org  Hg  Og,  is  obtained;  when  this  is 
heated  to  redness  it  loses  water  and  passes  into  the  oxide,  Cr^  0^; 
the  tint  of  green  obtained  in  this  way  is  not  good,  being  of  a 
greyish  hue;  by  mixing  with  the  precipitate  some  salt  before 
calcining,  and  afterwards  thoroughly  washing  with  water,  the 
tint  of  the  green  is  materially  improved. 

4.  A  solution  of  chromium  chloride  is  prepared  by  heating  a 
strong  solution  of  potassium  bichromate  with  hydrochloric  acid 
and  a  little  methylated  spirit ;  to  this  solution  is  added,  first, 
sufficient  soda  to  neutralise  the  acid,  and,  then,  a  solution  of 
sodium  phosphate  ;  the  precipitate  of  chromium  phosphate  is 
collected,  dried,  and  calcined;  the  green  is  then  finished  by 
washing  and  grinding  in  the  usual  way. 

5.  A  cheaper  method  of  producing  the  phosphate  consists  in 
preparing  a  solution  of  10  lbs.  of  potassium  bichromate  and 
18  lbs.  of  sodium  phosphate;  the  mixture  is  boiled,  and,  while 
boiling,  a  solution  of  10  lbs.  of  sodium  thiosulphate  is  added,  and 
then  a  little  hydrochloric  acid.  On  continuing  the  boiling  the 
chromium  phosphate  is  slowly  precipitated;  when  the  precipi- 
tation is  complete,  the  green  is  treated  as  in  the  last  process. 
The  pigment  obtained  by  this  process  is  apt  to  contain  a  trace  of 
sulphur,  which  introduces  into  it  an  element  of  change. 

The  phosphate-of-chrome  greens  given  by  the  two  last  pro- 
cesses are  by  no  means  equal  to  the  oxide-of-chrome  greens  for 
brilliancy  of  tint. 
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PROPERTIES  OF  CHROME- GREEW.— Chrome-green 
forms  a  fine  green  pigment  of  a  slightly  yellowish  tone ;  it  mixes 
well  with  either  oil  or  water,  has  good  body  or  covering  power, 
and  is  quite  permanent,  being  one  of  the  best  pigments  which 
the  painter  can  use,  on  which  account  it  is  much  used  by  artists. 
It  mixes  with  all  other  pigments  without  being  affected  by  them 
or  altering  them  in  any  way. 

When  properly  made  it  is  quite  insoluble  in  either  acids  or 
alkalies.  The  solubility  of  oxide  of  chromium  depends  upon  the 
temperature  and  length  of  time  to  which  it  has  been  heated;  the 
greater  these  two  factors  are  the  more  insoluble  becomes  the 
oxide,  so  that  well  prepared  oxides  are  very  insoluble  owing  to 
the  fact  that  they  have  to  be  heated  to  a  high  temperature  for 
some  time. 

Very  nearly  the  same  property  is  found  in  the  phosphate 
greens. 

ASSAY  AND  ANALYSIS  OF  CHROME- GREENS.— 

Chrome-greens  should  be  assayed  for  colour,  brilliance,  covering 
power,  and  similar  properties  in  the  usual  way.  When  pure, 
chrome-green  should  not  impart  a  yellow  colour  to  dilute 
hydrochloric  acid  when  boiled  with  that  reagent,  such  yellow 
colour  would  indicate  adulteration  with  chrome-yellow.  When 
boiled  with  caustic  soda  chrome-green  should  remain  unacted 
upon.  The  liquor  should  be  divided  into  two  portions — to  the 
one  acetic  acid  should  be  added,  when  no  yellow  precipitate 
indicating  chrome-yellow  should  be  obtained ;  to  the  other 
hydrochloric  acid  and  ferric  chloride  should  be  added,  when  no 
blue  precipitate  should  be  obtained,  such  precipitate  would 
indicate  the  presence  of  Prussian  blue.  Chrome-greens  are 
usually  adulterated  with  the  Brunswick  greens,  which  adultera- 
tion is  detected  by  the  application  of  the  two  tests  just  given. 
For  use  by  calico-printers,  Guignet's  green  is  supplied  in  the 
form  of  a  paste,  containing  usually  30  per  cent,  of  actual  colour. 

COPPER  GREENS. 

Copper  forms  the  base  of  a  number  of  greens,  some  of  which 
are  of  value,  although  the  bulk  are  of  but  minor  importance,  and 
their  use  is  gradually  decreasing.  The  variety  of  names  under 
which  the  copper-greens  have  been  offered  from  time  to  time  is 
very  great ;  very  few  are  now  in  use,  and  it  is  rather  difficult  to 
know  exactly  to  what  copper  compound  any  particular  name  one 
meets  with  in  old  books  and  papers  belongs.  One  of  these 
greens  has  already  been  described, 
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Three  of  these  copper-greens — verdigris,  Scheele's  green,  and 
emerald-green — are  very  closely  related  to  one  another,  and  form, 
as  it  were,  a  group  of  colours.  Yerdigris  is  the  basic  acetate  of 
copper.  Scheele's  green  is  the  arsenite  of  copper,  while  emerald 
green  is  the  aceto-arsenite  of  copper,  and  may  be  viewed  as  a 
compound  of  the  other  two  colours. 

VERDIGRIS. 

The  chemical  composition  of  verdigris  has  been  already  stated. 
It  is  made  in  two  forms,  known  as  ^'distilled"  and  "common" 
verdigris.  The  first,  being  somewhat  of  a  crystalline  nature,  is 
rarely  used  as  a  pigment,  and  finds  its  chief  use  in  medicine ; 
the  latter  is  of  the  most  importance  from  a  painter's  point  of 
view. 

Preparation  of  Verdigris. — Distilled  verdigris  is  prepared 
by  dissolving  copper  or  oxide  of  copper  in  the  acid  obtained 
during  the  distillation  of  wood,  from  which  circumstance  arises 
the  name  "distilled  verdigris;''  for  the  product  itself  is  not 
distilled.  Another  method  of  manufacturing  this  variety  is  to 
mix  together  solutions  of  sulphate  of  copper  and  acetate  of  lime, 
or  of  the  acetate  of  lead ;  the  sulphate  of  lime  or  lead,  as  the 
case  may  be,  is  precipitated,  and  a  solution  of  acetate  of  copper 
is  obtained.  From  the  solution  of  acetate  of  copper,  obtained  by 
either  of  the  above  methods,  the  verdigris  is  obtained  by  con- 
centrating down  to  the  crystallising  point,  and  allowing  the  salt 
to  crystallise  out ;  this  gives  the  best  product.  Or,  the  solution 
may  be  cautiously  evaporated  to  dryness ;  this  is  costly  and 
there  is  a  risk  of  decomposing  the  green,  causing  it  to  lose  its 
brilliancy  of  tint. 

Distilled  verdigris  occurs  in  the  form  of  dark  green  crystals, 
soluble  in  water  and  in  acetic  acid ;  as  a  pigment  it  is  of  little 
use,  being  too  transparent;  then,  again,  its  solubility  is  against 
its  being  a  good  pigment. 

Common  verdigris  is  prepared  in  several  ways. 

1.  French  Process. — The  skins  and  marc  of  grapes,  left  after 
the  juice  has  been  pressed  out  for  making  wine,  are  used  in 
France  for  making  verdigris ;  the  material  is  placed  in  large 
tubs,  loosely  covered  over  with  netting,  in  which  it  remains  for 
a  few  days,  when  acetic  fermentation  sets  in ;  when  this  has 
commenced  sheets  of  copper  (averaging  about  8  inches  by  4  inches) 
are  thrown  in  among  the  fermenting  mass — generally  old  scrap 
copper  is  used.  They  are  left  in  the  tub  among  the  grape  skins  for 
from  18  to  20  days,  the  period  varying  according  to  the  weather  j 
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in  summer  it  may  be  only  about  12  to  14  days,  but  in  winter  the 
longer  period  named  is  always  required.  At  the  end  of  the 
time  the  tubs  are  emptied  and  the  grape  refuse  thrown  away ; 
the  copper  sheets  are  dried,  then  dipped  into  water,  or,  what  is 
better,  into  bad  wine  (if  that  is  obtainable),  and  again  dried  ;  by 
this  means  a  coat  of  verdigris  is  formed  on  the  plates,  which 
is  scraped  off  and  placed  on  one  side ;  the  plates  are  redipped 
and  again  dried,  when  another  coating  of  verdigris  is  formed, 
and  scraped  off  as  before ;  the  process  is  repeated  until  all 
the  copper  has  been  converted  into  verdigris.  The  green  is 
washed  with  water  and  then  dried,  when  it  is  ready  for  use. 
At  one  time  almost  every  vineyard  in  France  and  Belgium 
made  verdigris  somewhat  on  the  above  lines,  although  there 
were  some  variations  in  the  minor  details  ;  but,  as  the  consump- 
tion of  verdigris  has  decreased  considerably,  its  manufacture  has 
not  been  so  generally  followed  of  late  years. 

2.  English  Process. — In  England  verdigris  is  made  by  packing 
plates  of  copper  between  cloths  soaked  in  the  crude  pyroligneous 
acid  obtained  in  the  distillation  of  wood ;  this  is  done  in  casks ; 
every  four  or  five  days  the  casks  are  unpacked  and  the  cloths 
redipped  in  the  acid,  and  the  operation  repeated  until  the  sheets 
of  copper  begin  to  have  a  coat  of  verdigris ;  they  are  then  dipped 
in  water  and  dried ;  the  verdigris  on  them  is  then  scraped  off 
and  the  copper  is  again  packed  with  the  cloths ;  and  the  process 
repeated  until  all  the  copper  has  been  converted  into  verdigris. 
The  refuse  from  the  manufacture  of  cider  has  been  used  in 
making  this  pigment. 

The  verdigris  is  finished  for  use  by  washing  and  drying.  The 
latter  has  to  be  done  very  carefully,  as  too  high  a  temperature 
would  affect  the  brilliancy  of  the  tint. 

Common  verdigris  is  not  quite  so  pure  as  distilled  verdigris ; 
but  as  it  is  more  insoluble  in  water  and  more  opaque,  it  can  be  used 
as  a  pigment. 

COMPOSITION  AND  PROPERTIES  OP  VERDIGRIS. 

— Phillips  gives  the  following  analysis  of  distilled  verdigris  : — 

Copper  oxide,  Cu  0,  .       .       .       .       43  '25  per  cent. 
Acetic  anhydride,  Cg  Hg  0 .  0  .  C2  Ho  0,  28-30 
Water,  H2O,      .....       28  45  „ 

which  corresponds  to  the  formula 

Cu  2  C2  H3  O2,  Cu  H2  O2,  5  H2  0. 

Distilled  verdigris  is  very  constant  in  its  composition.  It 
forms  dark  green  crystals  somewhat  soluble  in  water  and  in 
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acetic  acid ;  heated  in  the  air  they  lose  their  water  of  crystallis- 
ation and  their  acetic  acid,  and  a  black  residue  of  copper  oxide, 
Cii  O,  is  left  behind.  Common  verdigris  is  very  variable  in  its 
composition  and  usually  contains  some  impurities  ;  as  a  rule,  it 
is  generally  allowable  for  commercial  verdigris  to  contain  about 
2  per  cent. 

The  following  analyses  of  some  samples  of  common  verdigris 
will  show  the  average  composition  of  this  pigment : — 


1  is  by  Phillips  of  an  English-made  sample.  2  and  3  are  by  the  author ; 
the  water  in  these  was  present  both  as  hygroscopic  and  combined  water — in 
No.  2  the  amounts  were  respectively  7*95  and  10  05,  in  No.  3  they  were 
4*49  and  8*75.    4  and  5  are  by  Berzelius  of  French-made  samples. 

Verdigris  has  a  greenish-blue  colour.  It  makes  but  a  poor 
pigment,  being  the  most  fugitive  of  the  copper-greens ;  in  water 
it  soon  fades,  in  oil  it  is  rather  more  permanent,  if  kept  free  from 
moisture,  which  causes  it  to  effloresce. 

While  being  almost  insoluble  in  water,  it  is  readily  soluble  in 
all  acids,  without  effervescence,  to  a  blue  solution,  which  gives  the 
characteristic  tests  for  copper.  Heated  with  strong  sulphuric 
acid  it  evolves  acetic  acid.  Heated  alone  it  loses  its  water 
and  acid  and  turns  black,  from  the  production  of  oxide  of 
copper. 

ASSAY  AND  ANALYSIS  OF  VERDIGRIS.— Verdigris 
may  be  assayed  for  tint,  covering  power,  &c.,  in  the  usual 
way. 

The  following  impurities  in  verdigris  should  be  tested  for ; 
Insoluble  matter,  carbonates,  sulphates,  and  metals  : — 

Insoluble  Matter,  which  may  consist  of  barytes,  sand,  &c.,  is 
readily  tested  for.  A  weighed  quantity  is  treated  with  hot 
dilute  hydrochloric  acid  for  a  short  time  and  the  insoluble  matter 
collected  on  a  filter,  dried,  and  weighed.  The  amount  of  in- 
soluble matter  should  not  exceed  3  per  cent.,  and  even  this  is 
an  excessive  allowance,  as  can  be  inferred  from  the  analyses 
already  quoted  ;  2  per  cent,  is,  in  the  opinion  of  the  author,  quite 
a  sufficient  allowance,  and  anything  above  this  ought  to  be 
considered  as  an  adulteration. 

If,  when  treating  with  the  acid,  effervescence  occurs  it  may  be 
taken  as  an  indication  of  the  presence  of  carbonates  either  of 
copper  or  calcium,  or  both. 


1.  2.  3.  4. 


5. 


Copper  oxide,  44-25  43  79  40*79  43*24 

Acetic  anhydride,  29*62  38*49  45*97  27*57 

Water,    .       .  2351  18*00  13*04  29  19 

Impurities,     .  2*62 


43  5 
29-3 
25*2 
2  0 
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Sulphates  can  be  tested  for  in  the  hydrochloric  acid  solution 
by  adding  barium  chloride,  and  their  amount  may  be  determined 
by  filtering  off,  drying,  and  weighing  the  precipitate  of  barium 
sulphate,  which  will  be  formed  if  they  are  present. 

The  presence  of  other  metals  than  copper  is  best  ascertained  by 
working  according  to  the  following  scheme.  The  pigment  is 
heated  to  a  red  heat  to  decompose  it,  and  the  residue  is  dissolved 
in  hydrochloric  acid  and  any  insoluble  matter  filtered  ofi* ; 
through  the  solution  a  current  of  sulphuretted  hydrogen  is 
passed,  to  precipitate  out  the  copper  as  the  black  sulphide  ;  the 
filtrate  is  boiled  down  to  a  small  bulk,  a  little  strong  nitric  acid 
is  added,  and  the  mixture  is  boiled  for  a  few  minutes ;  ammonia 
is  then  added  in  slight  excess ;  if  any  iron  is  present  a  reddish- 
brown  precipitate  will  be  obtained ;  this  is  filtered  off  and  to  the 
filtrate  ammonium  sulphide  is  added,  which,  if  zinc  is  present, 
will  throw  down  a  white  precipitate  of  the  sulphide  of  zinc ; 
after  filtering  this  ofi*,  ammonium  oxalate  is  added  to  the  filtrate 
when,  if  calcium  is  present,  a  white  precipitate  of  calcium  oxalate 
will  be  obtained.  Calcium  may  be  present  either  in  the  form  of 
carbonate  or  sulphate,  which  will  be  inferred  from  the  results  of 
other  tests.    It  is  rare  for  any  other  metal  to  be  present. 

Adulteration  of  verdigris  with  Prussian  blue  can  be  detected 
by  the  blue  residue  left  after  the  treatment  with  acid  giving  all 
the  reactions  of  Prussian  blue.  The  addition  of  ultramarine  is 
readily  detected  by  the  action  of  acid  on  the  sample. 

Green  verditer  is  sometimes  sold  under  the  name  of  "  British 
verdigris." 

SCHEELE'S  G-REEN. 

This  pigment  was  discovered  by  Scheele,  the  eminent  Swedish 
chemist,  who  communicated  his  method  of  making  it  to  the 
Academy  of  Sciences  of  Stockholm  in  1778.  At  first  it  was  very 
much  used,  being  at  that  time  one  of  the  best  greens  known,  but 
the  introduction  of  emerald-green  in  1814  soon  brought  about  its 
gradual  disuse,  and  now  it  is  doubtful  whether  it  is  ever  used  as 
a  pigment ;  this  is  partly  due  to  the  fact  that  it  is  but  a  dull 
colour,  while  much  brighter  and  better  greens  are  now  known ; 
then,  again,  the  fact  of  its  being  an  arsenical  colour  has  always 
been  much  against  its  use  as  a  pigment. 

PHEPARATION  OF  SCHEELE'S  GHEEW.— 1.  Scheele 
gave  the  following  instructions  for  preparing  this  green  : — 1  part 
of  powdered  white  arsenic  (arsenious  oxide)  and  2  parts  of  potash 
(carbonate  of  potassium)  are  dissolved,  by  boiling,  in  35  parts  of 
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water ;  the  solution  is  filtered  and  then  poured  into  a  solution  of 
2  parts  of  copper  sulphate  as  long  as  a  precipitate  falls.  The 
precipitate  is  collected  on  a  filter,  washed  with  water,  and  dried 
at  a  gentle  heat. 

2.  Parker  patented,  in  1812,  a  process  of  making  Scheele's 
green — Two  solutions  were  made  in  boiling  water,  one  containing 
16  ozs.  of  sulphate  of  copper,  the  other  14  drms.  of  arsenic  and 
14  ozs.  of  potash.  The  precipitate  obtained  on  mixing  the  solu- 
tions was  washed  and  dried.  As  the  alkali  is  greatly  in  excess 
in  this  process,  the  precipitate  must  consist  largely  of  carbonate 
of  copper. 

3.  Sharpies^  prepares  Scheele's  green  by  dissolving  2  parts  of 
arsenious  oxide  (white  arsenic)  in  8  parts  of  soda  crystals  by 
boiling  with  10  parts  of  water ;  when  dissolved,  the  arsenite  of 
soda  formed  is  poured  into  a  solution  of  6  parts  of  copper  sul- 
phate in  40  parts  of  water.  Both  solutions  are  mixed  while 
boiling,  and  the  mixture  itself  boiled  for  a  few  minutes ;  it  is 
then  allowed  to  stand  until  the  next  day,  when  the  green  super- 
natant liquor  is  poured  off  and  the  green  washed  two  or  three 
times  with  hot  water,  dried,  and  filtered.  This  is  stated  to  be  the 
most  economical  process  of  making  the  green. 

4.  Berzelius  describes  a  process  of  preparing  a  green  by  boiling 
copper  carbonate  with  white  arsenic  ]  the  green  has  a  fine  tint. 

COMPOSITION  AND  PROPERTIES  OP  SCHEELE'S 
GREEN. — Scheele's  green  is  essentially  an  arsenite  of  copper. 
Sharpies,  who  has  made  a  very  exhaustive  examination  of  this 
pigment,  states  that  it  is  a  basic  arsenite  of  copper,  usually  con- 
taining small  traces  of  carbonate  and  sulphate  of  copper.  He 
gives  the  following  as  the  composition  of  a  pure  Scheele's  green  : 


The  pigment  as  prepared  on  a  commercial  scale  differs  some- 
what from  this,  as  might  be  expected;  but  the  variation  is  not 
very  great  when  properly  made.  The  following  analyses  given 
by  Sharpies  of  samples  made  by  Scheele's  and  Berzelius'  pro- 
cesses  will  show  the  average  composition  of  this  pigment : — 


Copper  oxide,  Cu  0, 
Arsenious  oxide,  As2  O3, 
Water,  O, 


50 '00  per  cent. 
42  00  „ 
8  00  „ 


which  corresponds  to  the  formula 


Cu  As  O3  CuO.  2H2O. 


*  Sharpies,  Chemical  News,  vol.  35,  p.  89  et  seq. 
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Berzelius' 
Process. 

Scheele'j 

i  Process. 

1. 

2. 

3. 

Copper  oxide,  Cu  0,  . 
Arsenious  oxide,  As2  O3, 
Sulphur  trioxide,  S  O3, 
Water,  H2O, 
Carbonic  acid,  C  O2,  . 

66-02 
8-32 

10-33 
15-26 

50-76 
40-82 
1-63 
6-41 
... 

49-25 
42-66 
0*42 
6-71 
... 

99-93 

99-62 

99-04 

Sample  2  was  made  according  to  the  original  directions ;  but 
sample  3  was  washed  until  the  wash-waters  were  free  from 
arsenic. 

Scheele's  green  is  of  a  pale  yellowish-green  colour,  but  not 
very  bright ;  it  is  quite  insoluble  in  water,  but  soluble  in  dilute 
acids,  in  dilute  solutions  of  the  caustic  alkalies,  and  in  ammonia 
with  a  blue  colour ;  when  boiled  with  solutions  either  of  the 
caustic  alkalies  or  of  their  carbonates  it  is  decomposed,  black 
oxide  of  copper  being  deposited ;  boiling  with  ammonia  does  not 
decompose  it.  When  heated  it  decomposes,  a  residue  of  black 
oxide  of  copper  being  left  behind  and  the  arsenic  being  volatilised. 

As  a  pigment  it  is  not  satisfactory;  its  covering  power  is 
small,  although  it  can  be  used  either  for  oil-  or  water-colours ;  it 
is  not  permanent  and  fades  on  exposure  to  light  and  air ;  in  this 
respect  it  is  rather  better  than  any  of  the  other  copper-greens 
previously  described.    As  a  pigment  it  has  gone  out  of  use. 

EMERALD-GREEN. 

Emerald-green  was  discovered  in  1814,  but  by  whom  has  not 
been  recorded ;  from  the  place  at  which  it  was  supposed  to  have 
been  first  made  it  is  also  known  as  "  Schweinfurth  green " ; 
while  in  America  it  is  largely  known  as  "  Paris  green,"  under 
which  name  it  is  mostly  consumed  as  an  insecticide  on  fruit 
farms.  Owing  to  the  brilliancy  of  its  tint,  the  ease  with  which 
it  works,  and  its  comparative  permanence,  it  has  been  extensively 
used  as  a  pigment.  In  composition  it  is  an  aceto-arsenite  of 
copper,  and  may  be  regarded  as  a  compound  of  verdigris  and 
Scheele's  green. 

PREPARATION  OP  EMERALD-GREEN.— 1.  125  lbs. 

of  copper  sulphate  are  dissolved  in  boiling  water ;  50  lbs.  of  white 
arsenic  (arsenious  oxide)  are  boiled  with  a  solution  of  130  lbs.  of 


EMERALD-GREEN. 


1^3 


soda  crystals  until  the  arsenic  is  dissolved ;  this  solution  while 
still  hot  is  poured  into  the  copper  solution,  when  a  precipitate  of 
copper  arsenite  will  be  obtained,  and  a  little  carbonate  of  copper 
also  thrown  down ;  sufficient  acetic  acid  is  now  added  to  neutralise 
all  the  carbonate  and  leave  a  little  in  excess ;  the  mixture  is  now 
allowed  to  stand  for  some  time  for  the  emerald-green  to  fully 
develop ;  in  summer  this  may  take  from  a  week  to  ten  days,  in 
winter  it  will  take  about  three  or  four  weeks ;  when  formed  the 
green  is  filtered  off,  washed,  and  dried. 

2.  8  lbs.  of  white  arsenic  is  thoroughly  mixed  with  water  and 
then  8  lbs.  of  verdigris  is  stirred  in ;  on  standing  for  some  time 
in  a  warm  place  emerald-green  begins  to  form ;  when  fully 
developed  it  is  filtered,  washed,  and  dried. 

3.  50  lbs.  of  copper  sulphate  are  dissolved  in  water,  and  to  the 
solution  is  added  10  lbs.  of  lime  dissolved  in  20  gallons  of  vinegar ; 
to  the  mixture  is  added  50  lbs.  of  white  arsenic  previously  mixed 
into  a  paste  with  water ;  the  mass  is  allowed  to  stand  in  a  warm 
place  until  the  emerald-green  has  formed,  when  it  is  finished  as 
above. 

4.  Galloway* s  Process, — In  the  course  of  an  article  on  emerald- 
green  in  the  Journal  of  Science,  a  few  years  ago,  Prof.  Galloway 
described  a  process  for  the  preparation  of  emerald-green  on  rather 
more  scientific  lines  than  either  of  the  above  processes,  and  which 
gives  very  good  results.  This  process  is  carried  out  in  the 
following  manner: — A  quantity  (100  lbs.)  of  copper  sulphate  is 
dissolved  in  water,  and  sufficient  sodium  carbonate  (28|  lbs.  of 
soda  crystals  or  lbs.  of  crystal  carbonate)  is  added  to  pre- 
cipitate one-fourth  of  the  copper  sulphate  used  in  the  form  of 
copper  carbonate  ;  then  acetic  acid  is  added  in  sufficient  quantity 
to  dissolve  this  copper  carbonate.  There  is  thus  obtained  a 
solution  containing  copper  acetate  and  copper  sulphate  in  about 
the  proportions  3  Cu  S  Cu  2  Cg  Hg  Og.  The  copper  sulphate 
has  now  to  be  converted  into  copper  arsenite ;  to  do  this  the 
requisite  amount  of  arsenic  (60  lbs.)  is  dissolved  by  boiling  in 
sodium  carbonate  (38  lbs.  of  crystal  carbonate  or  872  lbs.  of  soda 
crystals),  which  is  rather  less  than  is  required  to  completely 
precipitate  the  copper  sulphate  in  the  first  solution ;  the  two 
solutions  are  heated  to  the  boil  and  then  the  arsenic  solution  is 
run  into  the  copper  solution  ;  the  green  is  formed  immediately 
and  only  requires  filtering,  washing,  and  drying,  for  use  as  a  pig- 
ment. The  quantities  given  above  have  been  added  by  the  author, 
and  are  not  given  in  the  original  instructions.  When  carefully 
carried  out  this  process  gives  excellent  results. 

The  fineness  of  the  pigment  can  be  regulated  by  altering  the 
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strength  of  the  solutions  used ;  the  weaker  these  are  the  finer  is 
the  precipitate  and  the  more  beautiful  is  the  tint  of  the  green 
produced.  If  during  the  precipitation  of  the  green  any  tendency 
to  form  the  yellow-green  arsenite  be  noticed,  the  addition  of  the 
arsenic  solution  is  stopped,  and  the  mixture  is  boiled  until  all  the 
yellow-green  arsenite  is  converted  into  the  blue-green  emerald- 
green. 

5.  M.  Gamille  Koechlin^  in  1886,  described  in  the  Bulletin  of 
the  Industrial  Society  of  Mulhouse,  a  process  for  the  preparation 
of  emerald-green.  100  grammes  of  copper  sulphate  are  dissolved 
in  500  cc.  of  water ;  to  this  is  added  187^  cc.  of  a  solution  of 
arsenite  of  soda ;  this  solution  contains  500  grammes  of  the 
salt  in  1  litre  of  water.  A  precipitate  of  arsenite  of  copper  is 
obtained,  and  is  treated  for  one  hour  at  from  104°  to  122°  F. 
with  either  62  cc.  of  acetic  acid  of  11°  to  12°  Tw.  or  31  cc.  of 
pure  formic  acid;  in  either  case  a  fine  emerald-green  is  obtained. 
By  using  only  half  the  quantity  of  formic  acid  a  fine  blue  is 
obtained,  a  result  which  is  not  got  with  acetic  acid. 

6.  Liehig's  Process. — 1  part  of  verdigris  is  dissolved  by  heat  in 
acetic  acid,  then  1  part  of  arsenious  acid,  mixed  with  water,  is 
added,  and  a  yellow-green  precipitate  is  obtained.  The  mixture 
is  boiled  for  some  time,  and  the  green  gradually  forms ;  if 
necessary,  a  little  acetic  acid  should  be  added  from  time  to  time 
to  ensure  that  all  tlie  arsenite  is  converted  into  the  aceto-arsenite ; 
too  great  an  excess  of  acid,  however,  should  be  avoided,  as  it 
would  decrease  the  yield  of  emerald-green.  As  soon  as  the 
green  is  fully  developed  it  is  filtered  ofi*,  washed,  and  dried. 

The  drying  of  emerald-green  must  be  done  at  as  low  a  tem- 
perature as  possible,  as  heat  causes  the  tint  to  deteriorate. 

Emerald-green  is  by  no  means  a  difficult  colour  to  make ;  the 
first  process  described  takes  some  time,  but  the  last  three  are 
quick  processes  and  give  good  results. 

COMPOSITION  AND  PROPERTIES  OF  EMERALD- 
GREEN. — Emerald-green  is  an  aceto-arsenite  of  copper  of 
somewhat  variable  composition,  according  to  the  process  by 
which  it  has  been  made.  The  following  analysis  of  a  sample  of 
English-made  emerald-green  will  serve  to  show  the  average 
composition  of  this  pigment : — 


Copper  oxide,  Cu  0,  . 

32 '55  per  cent. 

Arsenious  oxide,  As2  O3,  . 

57-51 

Acetic  anhydride,  0  2  C2  H3  O2, 

6'63 

Sulphur  trioxide,  S  O3, 

1-67 

Water,  Hg  0,  . 

0-90  „ 

99-26 

ASSAY  AND  ANALYSIS  OF  EMERALD-GREBN. 
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Leaving  out  of  consideration  the  impurities,  the  formula  for 
emerald-green  deducible  from  the  above  analysis  is — 

7Cu2C2  Hs  O2,  3CuAs2  O4. 

Emerald-green  is  a  bluish-green  of  a  very  fine  tint,  quite 
different  from  any  other  known  pigment,  and  very  difficult  to 
imitate  j  it  is  very  opaque,  and  hence  has  good  covering  power  ; 
it  works  well  in  both  oil  and  water,  but  best  in  the  latter ;  kept 
in  a  dry  place  it  is  fairly  permanent,  and  resists  exposure  to 
light  and  air,  but  in  a  damp  place  it  turns  brownish. 

It  is  soluble  in  acids  to  blue  solutions ;  in  ammonia  it  also 
dissolves  with  the  characteristic  copper-ammonia  colour;  in 
solutions  of  caustic  soda  and  potash  it  is  also  soluble;  on  boiling, 
a  red  precipitate  of  cupreous  oxide  falls  down,  a  characteristic 
reaction  of  emerald-green. 

Emerald-green  cannot  be  mixed  with  pigments — such  as 
cadmium-yellow,  ultramarine,  &c. — which  contain  sulphur,  as 
this  causes  its  discolouration,  owing  to  the  formation  of  black 
copper  sulphide.  With  other  pigments  it  can  be  mixed  without 
any  alteration.  The  use  of  emerald-green  has  been  on  the 
decrease  of  late  years,  partly  owing  to  its  poisonous  character, 
due  to  its  containing  arsenic,  although  one  authority  states  that 
there  is  no  foundation  for  the  statement  that  emerald-green  is 
poisonous,  and  says  that  it  has  no  poisonous  properties  whatever. 
The  accounts  of  the  poisonous  action  of  emerald-green  are  very 
conflicting;  some  persons  are  much  affected  by  emerald-green; 
even  going  into  a  room  covered  with  paper  printed  with  this 
pigment  is  sufficient  to  produce  poisonous  symptoms  in  them, 
while  others  are  not  affected  at  all ;  arsenic  seems  to  be  very 
peculiar  in  its  toxic  action,  and  much  depends  upon  the 
physiological  idiosyncrasies  of  the  person. 

ASSAY  AND  ANALYSIS  OF  EMERALD- GREEN.— 
The  colour  or  tint,  body,  and  colouring  power  of  emerald-green 
should  be  assayed  for  in  the  usual  way. 

To  test  for  the  purity  or  otherwise  of  a  sample  of  emerald- 
green  the  following  tests  can  be  applied : — In  hydrochloric  acid 
it  should  completely  dissolve  with  a  yellow-green  colour,  and  on 
diluting  with  water  this  colour  should  turn  bluish.  It  dissolves 
in  ammonia  with  a  deep  blue  colour.  In  caustic  soda  it  dissolves 
to  a  pale  blue  solution,  from  which,  on  boiling,  a  red  precipitate 
of  cupreous  oxide  falls  down.  The  solution  in  hydrochloric  acid 
should  not  give  more  than  a  faint  precipitate  with  barium 
chloride,  showing  the  absence  of  sulphates  ;  through  the  solution 
a  current  of  sulphuretted  hydrogen  should  be  passed  for  some 
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time  and  the  precipitate  of  copper  and  arsenic  sulphides  obtained 
filtered  off;  the  filtrate  after  boiling,  to  free  it  from  excess  of 
sulphuretted  hydrogen,  should  give  no  further  precipitate  on  the 
successive  addition  of  ammonia,  amonium  sulphate,  and  am- 
monium oxalate,  showing  the  absence  of  metals,  such  as  iron, 
zinc,  and  calcium. 

The  presence  of  arsenic  in  emerald-green  or  other  pigments  is 
best  detected  by  Marsh's  test.  This  is  carried  out  as  follows  : — 
Provide  a  wide-mouthed  bottle  and  fit  it  with  a  tight-fitting  cork 
through  which  a  piece  of  glass  tube  drawn  out  to  a  point  is 
passed.  Into  the  bottle,  water,  zinc,  and  sulphuric  acid  are 
placed.  It  is  necessary  that  the  two  latter  bodies  be  free  from 
arsenic,  as  the  ordinary  commercial  articles  are  very  liable  to 
contain  arsenic  which  would  interfere  with  the  proper  testing 
of  any  pigment  for  arsenic.  By  the  action  of  the  acid  on  the  zinc 
hydrogen  is  evolved ;  this  may  be  lighted  as  it  issues  from  the 
glass  jet,  and  will  burn  with  a  non-luminous  flame.  On  pressing 
a  piece  of  white  porcelain  down  on  the  flame  no  brownish-black 
spot  should  be  produced.  The  gas  must  not  be  lighted  im- 
mediately it  begins  to  issue  from  the  jet,  but  a  few  minutes  should 
be  allowed  to  elapse  before  doing  so,  to  allow  the  air  in  the  bottle 
to  be  completely  driven  out ;  otherwise  an  explosion  may  ensue. 
If,  after  it  has  been  proved  that  the  gas  flame  produces  no  spot 
on  a  porcelain  plate,  the  sample  to  be  tested  for  arsenic  be 
introduced  into  the  bottle  and  the  gas  re-lighted,  it  will  now  be 
found  to  burn  with  a  faintly  luminous  flame  and  will  give  a 
blackish-brown  metallic  looking  spot  on  a  piece  of  white  porcelain 
pressed  down  on  the  flame ;  this  stain  is  soluble  in  a  solution  of 
bleaching  powder.  Yery  small  traces  of  arsenic  can  be  detected 
by  this  test.  Another  test  for  arsenic  is  Reinsch's,  which  consists 
in  heating  the  sample  with  hydrochloric  acid  and  a  clean  copper 
plate ;  if  arsenic  is  present  the  latter  becomes  covered  with  a 
grey  deposit. 

MINERAL  GREEN. 

Under  this  name  and  that  of  Mountain  green  is  oflfered  for  use 
as  a  pigment  the  natural  green  mineral  known  as  Malachite, 
There  is  also  an  artificial  green  pigment  made  under  the  name  of 
mineral  green. 

Mineral  green,  Mountain  green,  or  Malachite  is  a  natural  basic 
carbonate  of  copper  found  in  many  places — Cornwall,  Siberia, 
Persia,  Australia,  &c.  The  ordinary  commercial  product  comes 
from  Siberia  where  it  is  found  in  the  greatest  abundance  and  in 
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large  masses  of  a  very  line  colour.  Tor  use  as  a  pigment  the 
natural  mineral  is  simply  ground  as  finely  as  possible. 

The  mineral  exists  in  two  forms — in  the  one  it  forms  compact 
masses  of  a  fine  yellowish-green  tint ;  in  the  other  form  it  is 
rather  paler  and  more  porous  or  powdery  in  character ;  the 
former  is  the  most  valuable  as  a  pigment. 

In  composition  it  is  a  basic  carbonate,  containing  on  the 
average 

Copper  oxide,  Cu  0,      .       .       .       71*9  percent. 
Carbonic  acid,  C  O2,     .       .       .       20  0 
Water,  H2O,       .       .       .       .  S'l 

100-0 

and  having  the  formula  Ou  C  O3  .  Cu  O2. 

It  makes  a  good  pigment,  is  fairly  permanent,  and  works  well 
both  in  oil  and  water.  Its  faults  are  those  common  to  all  copper 
pigments. 

It  dissolves  in  acids  with  effervescence  and  evolution  of  car- 
bonic acid,  and  the  solution  gives  all  the  characteristic  tests  for 
copper. 

Mineral  green  has  been  made  artificially  by  several  processes, 
of  which  the  following  are  two  examples  : — 

(a)  For  preparing  mineral  green  by  this  method  the  following 
materials  are  required  :■— 2  cwts.  of  soda  crystals,  li  cwts.  of  blue 
stone  (copper  sulphate),  70  lbs.  of  quicklime,  12^  lbs.  of  white 
arsenic,  and  4  ozs.  of  tartaric  acid.  Boil  the  arsenic  and  soda 
together  until  the  former  is  dissolved ;  dissolve  the  copper  in 
water ;  and  slake  the  lime  in  water.  Add  the  lime  to  the  copper 
solution ;  then  the  arsenic  and  soda ;  and,  finally,  the  tartaric 
acid.  Keep  the  whole  at  a  temperature  of  about  150"^  to  160"  F. 
for  some  time  until  the  colour  is  properly  developed,  then  wash 
the  pigment  with  clean  water,  filter  and  dry  at  a  low  temperature. 

(6)  14  ozs.  of  potash  and  14  drms.  of  arsenic  are  dissolved  in 
water ;  1  lb.  of  sulphate  of  copper  is  dissolved  separately  in 
2  gallons  of  water,  and  into  this  solution  is  poured  the  arsenic 
and  potash  solution ;  the  green  is  precipitated  and  is  collected 
and  finished  in  the  usual  way. 

No  process  of  making  mineral  green  artificially  produces  it  of 
the  same  deep  green  tint  as  the  natural  variety ;  such  prepared 
greens  have  a  pale  yellowish-green  tint  and  are  not  so  permanent 
as  the  natural  variety.  In  their  general  features  they  resemble 
the  verditer  greens,  but  are  rather  brighter  in  tint  and  deeper  in 
colour. 

GREEN  VERDITER. — This  pigment  is  a  basic  carbonate 
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of  copper,  prepared  by  precipitating  solutions  of  copper  with  the 
carbonates  of  potash  or  soda  in  the  same  way  as  blue  verditer 
is  made.  It  has  a  pale  tint  of  a  somewhat  yellow  tone  of  green. 
As  a  pigment  it  has  no  great  use,  and  has  become  nearly 
obsolete ;  it  is  not  permanent,  either  as  an  oil  or  a  water  colour. 

Green  verditer  has  also  been  known  as  "British  verdigris," 
and  its  preparation  under  this  name  has  been  patented. 

BREMEN  GREEN. — This  is  of  a  pale  green  tint,  prepared 
in  the  same  way  as  Bremen  blue,  except  that  the  final  blueing 
is  omitted.  Like  green  verditer  it  is  essentially  a  basic  car- 
bonate of  copper.    Its  use  as  a  pigment  has  become  obsolete. 

PROPEIITIES  OF  THE  COPPER  GREENS.— With  one 
or  two  exceptions,  the  copper  greens  are  by  no  means  satis- 
factory pigments ;  their  colour  is  but  pale  and  not  brilliant, 
except  emerald-green  and  the  natural  mineral  green.  Their 
covering  power  is  also  deficient;  they  mix  with  either  oil  or 
water.  They  are  not  permanent,  as  exposure  to  light  and  air 
causes  them  to  fade,  while  sulphuretted  hydrogen  and  sulphur 
compounds  cause  them  to  go  black,  owing  to  the  formation  of 
the  black  sulphide  of  copper ;  hence  they  cannot  be  mixed  with 
any  pigments  containing  sulphur — such  as  cadmium  yellow, 
King's  yellow,  ultramarine,  &c.  Strongly  alkaline  bodies,  such 
as  lime,  change  their  colour  to  a  blue. 

Heat  decomposes  all  the  copper  greens,  the  acid  portion — 
carbonic,  acetic  or  arsenious — being  volatilised,  and  a  black 
residue  of  oxide  of  copper  being  left  behind. 

They  are  all  soluble  in  acids,  some  with  effervescence,  indicat- 
ing the  presence  of  a  carbonate;  the  solutions  have  a  blue  colour, 
to  which  ammonia  imparts  a  characteristic  deep  blue  tint ;  on 
adding  caustic  soda  a  blue  precipitate  is  obtained,  which,  on 
boiling,  turns  black.  Sulphuretted  hydrogen  gas  passed  through 
the  solutions  throws  down  a  black  precipitate  of  the  sulphide, 
which  is  soluble  in  nitric  acid  to  a  blue  solution. 

TERRE  VERTE. 

Terre  verte  is  the  name  given  to  green  pigments  of  an  earthy 
character,  found  naturally  in  various  places ;  in  some  cases,  the 
pigment  has  been  named  after  the  place  where  it  was  found,  as 
"  Yerona  green,"  Verona  earth,"  &c.  These  natural  greens  are 
usually  of  a  pale  greyish-green  tint,  and  are  only  useful  on  account 
of  their  permanence.  Deposits  of  green  earth  are  found  in  many 
places,  but  only  the  deep  bright  samples  are  usable  as  pigments. 
The  places  where  the  best  qualities  of  terre  verte  are  found  are 
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the  Mendip  Hills,  as  also  many  localities  in  France,  Italy,  and 
Cyprus. 

Terre  verte  is  found  in  masses  of  a  more  or  less  compact 
character;  some  varieties  are  soft  and  easily  powdered,  others 
are  harder  and  more  vitreous  in  appearance.  For  use  as  a 
pigment,  the  mineral  is  ground  up  as  line  as  possible;  sometimes 
it  is  levigated. 

Although  varying  somewhat,  as  might  be  expected  in  earthy 
pigments  from  various  sources,  yet  there  is  a  certain  amount  of 
resemblance  between  different  samples  of  terre  verte,  as  shown 
by  the  few  analyses  of  this  pigment  available.  Berthier  gives 
the  following  analysis  of  terre  verte,  the  source  of  which  is  not 
stated  : — 


Silica,  Si  O2, 
Ferrous  oxide,  Fe  O, 
Soda,  Na2  0, 
Alumina,  AI2  O3, 
Magnesia,  MgO, 
Water,       0,  . 
Manganese,  Mn02, 


51*21  per  cent. 
20-72 

6-  21 

7-  25  „ 
6-16 

4-49  „ 
trace. 


96  04 


This  is  not  a  very  satisfactory  analysis ;  of  what  does  the  4  per 
cent,  of  unaccounted  for  material  consist  1 

A  sample  of  terre  verte  from  Cyprus,  analysed  by  Klaproth, 
gave  the  following  figures  : — 


Silica,  Si  O2, 
Ferrous  oxide,  Fe  0, 
Potash,  K2O,  . 
Magnesia,  MgO, 
Water,  Hg  0,  . 


51*5  per  cent. 
20-5  „ 
18-0 

1-5  „ 

8-0 


A  sample  of  terre  verte  from  the  neighbourhood  of  Home  was 
examined  by  the  author,  and  found  to  have  the  following 
composition  : — 


Water,  hygroscopic,  H2  O, 
Water,  combined,  H2  0, 
Ferrous  oxide,  Fe  0,  . 
Alumina,  A12  O3, 
Manganese,  Mn  O2,  . 
Calcium  oxide,  Ca  0,  . 
Silica,  Si  O2, 

Magnesium  oxide,  Mg  0, 


1*450  per  cent. 

3-650 
26*870 

3*165 
trace. 

2  065 
52*120 
10-665 


99-985 
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This  sample  was  very  hard,  and  had  a  conchoidal  fracture,  a 
waxy  lustre,  and  a  soapy  feel.  Acids  had  but  slight  action  on 
it.  It  was  evidently  a  specimen  of  the  mineral  bronzite,  which 
is  essentially  a  ferrous  magnesium  silicate. 

Terre  verte  is  of  a  pale  bluish-grey  tint,  and  has  no  great 
colouring  power  or  body,  being  somewhat  transparent;  it  mixes 
well  with  either  oil  or  water,  and  is  perfectly  permanent,  being 
unaffected  by  any  length  of  exposure  to  light  and  air ;  it  is  not 
altered  by  sulphur  or  sulphureous  gases  in  any  way.  As  a 
pigment  terre  verte  has  been  used  from  very  early  times,  being 
one  of  the  best  greens  available  to  the  early  painters.  Heat 
turns  the  colour  of  terre  verte  to  a  reddish-brown,  the  change 
being  similar  in  nature  to  that  which  takes  place  when  the 
ochres  are  heated. 

Sometimes  greens  having  a  copper  base  are  offered  as  terre 
vertes:  these  are  not  permanent. 

COBALT  GREEN. 

Cobalt  green,  Rinman's  green,  Zinc  green  is  a  compound  of  the 
oxides  of  zinc  and  cobalt,  having  an  analogous  composition  to 
cobalt  blue  and  being  prepared  in  a  similar  manner. 

Preparation  of  Cobalt  Grreen.  —  Cobalt  green  can  be 
prepared  in  several  ways. 

(a)  Sulphate  of  cobalt  in  solution  is  mixed  with  zinc  oxide 
into  a  paste ;  this  is  then  dried  and  exposed  to  a  red  heat  in  a 
muffle  furnace  until  the  desired  green  tint  has  been  developed, 
which  will  take  from  three  to  four  hours.  The  tint  of  colour 
will  depend  upon  the  proportions  of  the  cobalt  salt  and  zinc 
oxide  used ;  1  lb.  of  cobalt  sulphate  to  5  lbs.  of  zinc  oxide  will 
give  a  deep  green ;  with  twice  as  much  zinc  oxide  a  grass  green 
is  obtained  ,  while  if  the  proportions  are  1  lb.  of  cobalt  sulphate 
to  20  lbs.  of  zinc  oxide  a  fine  bluish-green  is  obtained,  which 
forms  a  fair  substitute  for  emerald-green. 

(b)  Instead  of  the  sulphate,  the  nitrate  of  cobalt  may  be  used. 
1  lb.  of  cobalt  nitrate  is  mixed  with  2  to  5  lbs.  of  zinc  oxide 
according  to  the  depth  of  colour  required ,  the  mixture  is  kept 
at  a  bright  red  heat  in  a  muffle  furnace  for  a  few  hours  until  the 
green  has  been  fully  developed ;  it  is  then  ground  with  water, 
and  dried.  The  cobalt  salt  must  be  free  from  metallic  impurities, 
such  as  iron,  alumina,  or  tin. 

The  principal  difficulty  in  these  two  processes  is  that  of 
ensuring  a  thorough  mixture  of  the  cobalt  and  zinc  compounds  ; 
if  this  is  not  properly  done  the  green  which  is  formed  will  not  be 
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of  a  uniform  tint  throughout  the  mass  ;  there  will  be  dark  and 
light  places.  The  following  processes  avoid  this  difficulty  by- 
mixing  solutions  of  the  two  metallic  salts,  thereby  ensuring 
perfect  admixture,  then  precipitating  the  oxides  from  the  solution 
and  finishing  as  in  the  above  processes  : — 

(c)  1  lb.  of  nitrate  of  cobalt  or  ^  lb.  of  the  chloride  of  cobalt 
and  6  lbs.  of  sulphate  of  zinc  are  dissolved  in  7  gallons  of  water ; 
a  solution  of  carbonate  of  soda  is  then  added  as  long  as  a 
precipitate  falls  ;  the  mixture  filtered,  and  the  precipitate  of 
hydroxides  of  cobalt  and  zinc  so  obtained  washed,  dried,  and 
heated  as  before.  By  varying  the  proportions  between  the  zinc 
and  cobalt  salts  the  depth  of  colour  of  the  resulting  green  can  be 
varied  to  a  great  extent. 

(d)  Instead  of  using  the  carbonate  of  soda  to  precipitate  the 
solution  of  zinc  and  cobalt,  there  may  be  used  either  the  phosphate 
or  the  arseniate  of  soda.  Wagner  states  that  the  resulting  green 
is  purer,  brighter,  and  less  dense.  The  greens  made  in  this 
way  will  contain  phosphoric  acid,  which  will  give  the  greens  a 
rather  bluer  tint. 

Cobalt  green  has  a  bright  green  colour  of  a  slightly  yellow 
hue.  It  is  perfectly  permanent  when  exposed  to  light  and  air, 
and  is  on  that  account  a  useful  pigment.  It  can  be  mixed  with 
all  other  pigments  without  being  affected  by  them  or  altering 
them  in  any  way.  It  is  unacted  upon  by  acids  in  the  dilute 
state  ]  but  strong  acids  decompose  it,  forming  a  blue  solution. 
Alkalies  have  no  action  on  it. 

Wagner  gives  the  following  analyses  of  cobalt  green  made  by 
various  processes  : — 


Zinc  oxide,  Zn  O, 
Cobalt  oxide,  Co  0, 
Phosphoric  acid,  P.2O5, 
Ferric  oxide,  Fe2  O3,  . 
Soda,  Na2  0, 


1.             2.  3. 

Per  cent.     Per  cent.  Per  cent. 

88-040      71-93  71-68 

11-62-2       19-15  18-93 

8-22  8-29 


0-298 


0-69 


100-000      99-99  98-90 

Owing  to  its  cost  cobalt  green  is  not  much  used.  Should  it  be 
possible  to  find  a  cheap  source  of  cobalt  this  green  might  come 
into  more  general  use,  as  its  permanent  qualities  would  give  it 
superiority  over  many  of  the  other  greens. 

Besides  the  greens  described  above  many  others  have  been  used 
on  a  small  scale  3  some  are  still  used  for  special  purposes,  and 
others  have  been  described  by  various  chemists,  but  whether  they 
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have  ever  been  used  on  a  practical  scale  is  doubtful ;  these  will 
be  briefly  described. 

BRIGHTON  GE/EEN  is  the  name  given  to  a  pigment  made 
by  grinding  together  in  the  dry  condition  7  lbs.  of  copper 
sulphate,  3  lbs.  of  acetate  of  lead,  and  24  lbs.  of  whiting ;  during 
the  grinding  chemical  decomposition  sets  in,  resulting  in  the 
formation  of  a  basic  acetate  of  lead.  It  was  a  pigment  of  no 
great  depth  of  colour  or  permanency. 

DOUGLAS  GREEN. — Mr.  Thomas  Douglas  has  described 
in  the  Chemical  JVews,  vol.  xL,  p.  59,  a  green  prepared  from 
barium  chromate.  The  latter  compound,  prepared  in  the  usual 
way  by  mixing  solutions  of  barium  chloride  and  potassium 
chromate,  is  mixed  with  20  per  cent,  of  its  weight  of  strong 
sulphuric  acid,  which  partially  decomposes  it,  forming  a  mixture 
of  barium  chromate,  chromic  acid,  and  barium  sulphate ;  the 
mixture  is  dried  and  then  calcined  at  a  bright  red  heat  in  a 
crucible ;  the  chromic  acid  is  thereby  decomposed  into  the  green 
oxide  of  chromium,  which,  being  disseminated  throughout  the 
mass  of  barium  sulphate  and  chromate,  colours  it  green,  forming 
a  pigment  possessing  considerable  body  and  permanency. 
Nothing  definite  is  known  as  to  its  having  been  used  as  a 
pigment. 

CHINESE  GREEN  or  LOKAO.— This  is  a  green  pigment, 
as  yet  but  little  used,  made  from  the  juice  of  various  Chinese 
species  of  buckthorn  trees  by  extracting  the  juice  from  the  berries 
by  pressure,  mixing  this  with  alum,  &c.,  and  drying.  It  comes 
into  commerce  in  the  form  of  bluish -green  slabs,  which  are  easy 
to  break,  but  somewhat  difficult  to  powder.  Chinese  green  con- 
tains from  27  to  47  per  cent,  of  mineral  matter,  principally  lime 
and  alumina,  and,  probably,  consists  of  the  lake  formed  by  the 
combination  of  those  bases  with  the  colouring  principle  of  the 
juice  from  the  buckthorn  berries,  named  by  Kayser  lokaonic  acid, 
C42  H^g  O27.  According  to  the  same  authority,  the  colouring 
principle  consists  of  a  glucose,  which  he  calls  lokaose,  to  which 
he  assigns  the  formula  C^  H^g  Og,  and  lokanic  acid,  a  body  having 
the  composition  C33  Hgg  Ogi-  The  colouring  principle  has  also 
received  the  name  lokain  and  the  formula  Cgg  Hg^  Oj^. 

SAP  GREEN. — This  pigment  is  prepared  from  buckthorn 
berries.  Two  methods  are  adopted  in  its  preparation.  In  one 
the  berries  are  allowed  to  ferment  slightly  by  placing  them  in  a 
warm  place  for  a  few  days  ;  they  are  then  pressed,  the  juice 
collected,  and  alum  added  in  the  proportion  of  from  ^  an  ounce  to 
1  ounce  per  pound ;  the  mixture  is  then  boiled  down  and 
evaporated  to  dryness  at  the  boiling  heat.    Another  plan  is  to 
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boil  the  berries  in  water  for  two  or  three  hours  with  constant 
stirring ;  the  liquors  are  then  strained  through  cloths  in  order 
to  separate  the  woody  and  other  insoluble  particles ;  the  clear 
liquor  is  boiled  down  to  a  syrup,  5  ozs.  of  alum  per  gallon  added 
to  the  syrup,  and  the  mixture  carefully  evaporated  to  dryness. 
For  some  purposes  the  mass  is  left  in  the  pulpy  condition. 

Sap  green  is  a  dark  yellowish-green  pigment;  when  dry  it 
breaks  with  a  glossy  fracture ;  it  is  very  transparent,  and  hence 
is  not  used  as  a  body  colour,  but  chiefly  as  a  glazing  colour; 
another  use  for  it  is  in  colouring  confectionery  and  beverages. 

It  works  well  as  a  water-colour,  but  not  as  an  oil-colour ;  and 
fades  on  exposure  to  light. 

An  analysis  of  sap  green  mads  by  the  author  shows  it  to  have 
the  following  composition  : — 

Water,  12*95  per  cent. 

Mineral  constituents,  .  .  •  ,  10'69 
Organic  constituents,  .       .       ,       ,  76*36 

100-00 

Of  the  organic  constituents  a  quantity  equal  to  about  29*34  per 
cent,  of  the  original  colour  are  soluble  in  alcohol.  Its  com- 
position and  general  properties  somewhat  resemble  those  of  a 
lake. 

MANGANESE  GREEN.— This  pigment  was  patented  in 
1864-  by  Schad,  who  prepared  it  by  the  following  process : — 
14  parts  of  oxide  of  manganese,  80  parts  of  nitrate  of  barium, 
and  6  parts  of  sulphate  of  barium,  are  intimately  mixed  together. 
The  mixture  is  heated  in  a  crucible  in  a  suitable  furnace  to  a 
bright  red  heat  until  it  has  assumed  a  green  colour ;  it  is  then 
ground  in  a  mill  with  water  to  a  fine  powder ;  a  small  quantity 
of  gum  arable,  dextrine,  or  similar  substance,  amounting  to  about 
6  per  cent,  of  the  original  material,  is  added,  and  the  mass  is  dried 
at  from  190°  to  212°  F. ;  or  it  may  be  used  in  the  form  of  a  paste. 
Instead  of  the  above  mixture  there  may  be  used  one  of  24  parts 
of  nitrate  of  manganese,  46  parts  of  nitrate  of  barium,  and 
30  parts  of  sulphate  of  barium.  The  addition  of  the  gum  or 
dextrine  is  said  to  be  essential  for  its  stability,  a  factor  which 
cannot  but  have  an  adverse  influence  on  its  value  as  a  pigment, 
for  which  purpose  it  has  probably  not  been  used.  It  consists 
principally  of  manganate  of  barium. 

TITANIUM  GREEN. — This  pigment  is  the  ferrocyanide  of 
titanium,  prepared  by  mixing  solutions  of  potassium  ferrocyanide 
and  of  a  titanium  salt ;  the  pigment  must  be  dried  at  a  low 
temperature,  as  decomposition  sets  in  above  100°  C.   It  has  a  pale 
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green  colour,  and  was  proposed  as  a  substitute  for  the  arsenical 
greens ;  owing  to  its  cost  it  has  never  come  into  use. 

ZINC  GREEN. — Under  this  name  there  is  frequently  sold 
greens  made  in  a  similar  way  to  the  Brunswick  greens,  by 
mixing  together  zinc  chrome,  Prussian  blue,  and  barytes ;  such 
greens  possess  the  advantage  that  they  are  not  affected  by  sulphur 
as  much  as  the  Brunswick  greens.  They  are  best  made  in  the 
dry  way  (see  p.  167). 

The  green  lakes  and  the  pigments  made  from  coal-tar  colouring- 
matters  will  be  found  described  in  the  chapter  on  Lakes. 
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CHAPTER  YI. 

BLUE  PIGMENTS, 

Blue,  as  a  colour,  enters  very  largely  into  the  decoration  of 
objects,  both  alone  and  in  combination  with  other  colours,  to  form 
a  large  and  very  useful  series  of  tints  and  shades.  Although  so 
important  as  a  colour,  yet  there  are  few  blue  pigments  ;  but  these 
possess  the  merit  of  being  more  permanent,  and,  therefore,  more 
useful  than  any  other  group  of  pigments.  The  list  of  blue 
pigments  includes  ultramarine  (a  curious  compound  of  silica, 
alumina,  and  soda,  which  was  at  one  time  obtained  exclusively 
from  natural  sources,  but  is  now  mostly  prepared  artificially), 
and  Prussian  blue  with  its  varieties  (a  most  valuable  blue,  whose 
base  is  iron),  which  are  the  most  predominant  blue  pigments 
used.  Cobalt  is  the  base  of  cobalt  blue  and  smalts,  while  copper 
forms  the  basis  of  several  unimportant  pigments. 

TJLTRAMAIIINE. 

Ultramarine  is  one  of  the  most  important  pigments  possessed 
by  the  painter ;  being  used  in  painting,  in  printing  of  all  kinds 
(letterpress,  wall-papers,  calico),  and  in  bleaching ;  it  is  un- 
doubtedly the  best  blue  for  the  laundry,  and  in  soapmaking  it  is 
used  to  produce  the  blue  mottled  soap. 

Ultramarine  has  been  known  for  centuries,  but  its  extended 
use  has  only  been  possible  during  the  last  half  century.  Prior  to 
about  1820  the  natural  supplies  were  small,  and  the  processes  so 
expensive  that  it  could  only  be  used  by  artists  who  did  not  find 
the  cost  prohibitive  ;  but  about  the  year  named,  discoveries  were 
made  by  several  chemists,  which  resulted  in  ultramarine  being 
made  artificially  at  such  a  cheap  rate  that  it  is  the  cheapest  blue 
pigment  known  ;  consequently,  its  consumption  is  now  measured 
by  tons. 

Natural  Ultramarine. — The  source  of  natural  ultramarine  is 
a  blue  mineral,  lapis  lazuli,  found  in  small  quantities  in  Persia, 
China,  Siberia,  and  a  few  other  places.  This  mineral  is  found  in 
streaks  and  small  patches  distributed  through  an  earthy  matrix 
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or  gangue,  from  which  it  has  to  be  separated  by  mechanical 
means.  The  production  of  natural  ultramarine  has  declined  very 
much  during  the  last  fifty  years,  it  having  been  displaced  by 
artificial  ultramarine ;  but  the  mineral  is  still  sought  for  in  fair 
quantities,  for  use  in  the  production  of  inlaid  ornamental  work, 
as  the  peculiar  blue  colour  of  the  mineral  cannot  be  obtained  by 
other  means. 

The  process  of  extraction  of  the  pigment  from  the  mineral 
consists  in  grinding  the  mineral  to  a  fine  powder,  after  separating 
as  much  of  the  gangue  as  possible ;  it  is  then  mixed  with  a  com- 
pound of  resin,  wax,  and  linseed  oil,  and  the  mixture  put  into 
cloths  and  kneaded  under  hot  water ;  the  colour  comes  through 
the  cloth  into  the  water,  several  waters  being  used  ;  after  the 
working,  the  waters  are  placed  on  one  side  for  the  colour  to 
settle.  The  blue  thus  obtained  varies  in  shade  in  the  difierent 
waters ;  that  which  settles  out  of  the  first  water  is  the  deepest  in 
colour,  and  the  brightest,  and  is  sold  as  ultramarine ;  that  which 
comes  from  the  last  waters  has  a  blue-grey  colour,  and  is  sold  as 
ultramarine  ash.  After  the  colour  has  settled,  it  is  usual  to 
grind  it  still  finer,  so  that  the  beauty  of  the  pigment  shall  be 
developed  as  much  as  possible.  No  better  process  for  extracting 
ultramarine  has  been  devised,  although  it  is  so  tedious  and  gives 
such  poor  results.  Yery  little  is  now  so  produced,  as  the  natural 
variety  has  been  almost  replaced  in  European  and  other 
countries  b}^  the  artificial  variety. 

The  chemical  composition  and  constitution  of  ultramarine  early 
became  the  subject  of  research  by  chemists,  which  researches 
were  partly  undertaken  with  a  view  to  its  artificial  production ; 
for  it  was  recognised  that,  from  the  beauty  of  its  colour  and  its 
permanent  qualities,  ultramarine  would,  if  it  could  be  produced 
cheap  enough,  have  a  wide  field  of  use.  Several  analyses  were 
made  by  difierent  chemists,  but  these  vary  very  much,  owing,  as 
is  probable,  to  the  difiiculty  of  obtaining  the  pigment  quite  free 
from  its  matrix.  Those  by  Clement  and  Desormes  and  by 
Gmelin,  which  are,  perhaps,  the  most  typical,  are  here  given. 


Clement  and 
Desormes. 


Gmelin. 


SiUca,  Si  O2,     .       .  . 
Alumina,  AI2  O3, 
Soda,  Na2  0,    .       .  . 
Sulphur,  S,       .       .  . 
Calcium  carbonate,  Ca  C  O3, 
Calcium  oxide,  Ca  0, 
Sulphuric  acid,  H2  S  O4,  . 
Water  and  loss, 


35-8 
34-8 
23-2 
3-1 
3-1 


47-306 
22-000 
12063 
0188 


1-546 
4-679 
12-218 


100-0 


100  000 


Vauieties  of  ultramarine. 


1^7 


It  is  evident  that  with  such  discrepancies  in  the  analyses 
nothing  could  be  satisfactorily  inferred  as  to  the  chemical  com- 
position and  constitution  of  ultramarine,  and  it  is  no  wonder 
that  none  of  them  led  to  its  artificial  production. 

Artificial  Ultramarine. — Early  in  the  present  century,  soon 
after  soda  began  to  be  produced  on  the  large  scale  from  salt  by 
the  Leblanc  process,  many  persons  noticed  the  formation  of 
a  substance  resembling  ultramarine  in  colour ;  Tessart  and 
Kuhlmann  recorded,  in  1814,  that  they  had  seen  this  blue  colour 
in  a  soda  furnace.  Vauquelin,  on  examining  it,  found  it  to  be 
a  compound  of  silica,  alumina,  lime,  soda,  and  sulphur,  and 
showed  that  it  had  a  similar  composition  to  ultramarine.  It 
was  recorded  that  it  was  formed  only  when  sandstone  was 
used  in  the  construction  of  the  furnace;  when  bricks  were  used 
it  was  not  formed. 

Guimet,  an  eminent  French  manufacturing  chemist,  studied 
the  production  of  ultramarine.  In  1828  he  succeeded  in  making 
it  on  a  large  scale,  and  obtained  a  prize  of  6,000  francs,  oflfered 
by  the  Societe  d'Encouragement  of  France  to  any  one  who  made 
ultramarine  in  a  wholesale  way.  Guimet's  process  is  still  used 
by  his  successors,  but  has  not  been  published. 

Gmelin  also  interested  himself  in  the  production  of  ultra- 
marine, and  in  1828  he  published  an  elaborate  description  of  his 
method  of  making  it. 

Kottig,  the  director  of  the  Miessen  Porcelain  Works  also, 
about  the  same  time,  observed  the  production  of  ultramarine  in 
his  furnaces,  and,  as  the  result  of  his  researches,  succeeded  in 
making  the  pigment  on  a  large  scale  ;  the  Miessen  ultramarine 
was  for  many  years  one  of  the  leading  brands;  the  works  are 
now  closed. 

About  1834  Dr.  Leverkus,  working  by  Gmelin's  process, 
started  its  manufacture  in  Germany  at  works  which  are  still 
in  existence. 

The  great  bulk  of  the  ultramarine  used  is  made  in  Germany  ; 
there  are  two  or  three  works  in  England,  a  few  in  France,  and 
one  in  America.  Several  writers  have  given  descriptions,  more 
or  less  complete,  of  the  process  of  making  ultramarine ;  but  the 
best  and  most  complete  description  is  that  by  J.  G.  Gentele,"^ 
and  more  recently  one  by  Rawlins.t 

Varieties  of  Ultramarine. — There  are  two  principal  varieties 
of  artificial  ultramarine — 1st,  sulphate  ultramarine,  which  is  of 

*  Technologiste,  vol.  xviii.,  pp.  389-411. 
fJourn,  Soc,  Chem,  Ind.,  1887,  p.  791. 
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a  pale  greenish-blue  colour;  2nd,  soda  ultramarine,  which  has  a 
violet-blue  colour.  Of  the  latter  there  are  two  varieties — one 
contains  more  silica  than  the  other,  and  is  mostly  used  by 
paper-makers,  owing  to  its  resisting  the  action  of  acids  and 
alum  better,  while  the  variety  poor  in  silica  is  used  for  all  other 
purposes. 

The  materials  used  are  nearly  the  same  for  both  kinds,  and 
comprise  kaolin  or  china  clay,  sodium  sulphate  (Nag  S  O^), 
sodium  carbonate  (Nag  C  O3),  sulphur,  coal  or  charcoal,  rosin, 
quartz,  and  diatomaceous  earth.  All  these  are  not  used  in  the 
same  operation;  some  makers  using  one  kind  of  mixture,  others 
another.  The  quality  of  the  materials  is  a  matter  of  very  great 
importance. 

The  kaolin  or  china  clay  should  be  as  free  as  possible  from 
any  earthy  matrix ;  a  trace  of  lime  has  no  injurious  influence, 
but  the  clay  must  be  free  from  iron,  which  has  a  tendency  to 
dull  the  colour  of  the  ultramarine.  It  has  been  found  from 
experience  that  every  sample  of  china  clay  does  not  give  equally 
good  results,  although  all  may  be  pure  and  of  good  quality. 
It  has  been  found  that  the  relative  proportions  in  which  the 
silica,  Si  Og,  are  combined  with  the  alumina,  Alg  Og,  is  a  matter 
of  some  importance,  and  in  china  clays  from  different  localities 
there  is  wide  differences  in  this  respect ;  then,  again,  a 
china  clay  which  will  work  well  for  sulphate  ultramarine 
will  not  do  for  soda  ultramarine.  For  making  sulphate 
ultramarine  the  china  clay  should  contain  the  silica  and 
alumina  in  the  proportion  of  2  silica  to  1  alumina,  2  Si  Og, 
Alg  O3  ;  if  the  proportions  much  exceed  these  the  shade  will  be 
poor,  while  if  they  reach  those  indicated  by  the  formula,  3  Si  Og, 
Alg  O3,  the  clay  will  not  make  sulphate  ultramarine.  On  the 
other  hand,  while  almost  all  clays  will  make  soda  ultramarine,  yet 
the  best  results  are  obtained  with  clays  containing  from  2|-  to 
3  parts  of  silica  to  1  part  of  alumina  ;  the  larger  the  proportion  of 
silica,  the  redder  the  shade  of  the  ultramarine  made  from  it,  and  the 
more  resisting  power  it  has  to  the  action  of  acids  and  alum. 
The  china  clay  is  prepared  for  use  by  a  process  of  grinding  and 
levigating,  so  as  to  obtain  it  in  as  fine  a  form  and  as  free  from 
impurity  as  possible. 

The  sodium  salts  are  used  in  the  anhydrous  state;  both  should 
be  as  pure  as  possible,  especially  should  they  be  free  from  iron, 
which  has  a  most  deleterious  influence  upon  the  shade  of  the  ultra- 
marine made  from  the  salts.  Although  other  impurities  are  of 
small  moment,  still,  where  first-class  ultramarine  is  required,  it 
is  best  to  purify  the  commercial  products. 
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The  sulphur  is  the  ordinary  roll  sulphur  or  brimstone. 

The  coal  and  charcoal  are  the  ordinary  commercial  varieties; 
but  the  coal  used  must  be  free  from  pyrites.  Both  articles  are 
ground  before  using. 

The  quartz  should  be  as  free  from  impurities  as  possible;  the 
better  the  quality  of  the  quartz,  the  better  the  quality  of  the 
ultramarine  made  from  it. 

The  diatomaceous  earth  or  keiselguhr  is  the  well-known  com- 
mercial article. 

The  rosin  used  is  the  best  commercial  variety  obtainable. 

The  manner  in  which  these  are  mixed  together  depends  upon 
the  variety  of  ultramarine  to  be  made,  and  it  also  varies  in 
different  works,  each  of  which  has  its  own  formula,  although 
there  is  not  much  variation  in  the  essential  points. 

Gentele  lays  down  the  following  rules : — 1st,  That  the  soda 
used  be  sufficient  to  neutralise  half  the  silica  present  in  the 
kaolin  or  clay  and  silica  used ;  2nd,  that  the  proportions  of  soda 
and  sulphur  be  such  as  to  produce  a  polysulphide  of  soda. 

ULTRAMARINE  MANUFACTURE.— There  are  two  pro- 
cesses in  use  for  the  manufacture  of  ultramarine;  the  oldest,  called 
the  indirect  process,  is  used  for  making  both  sulphide  and  soda 
ultramarines,  and  is  the  only  process  by  which  the  former  can  be 
made. 

Indirect  Process  of  Making  Ultramarine. — This  consists 
of  the  two  stages  or  operations,  viz. : — 

(a)  The  calcining  operation. 

(b)  The  colouring  operation. 

(a)  Calcining  Operation — Manufacture  of  Ultramarine 
Green. — A  mixture  of  the  ingredients  named  above  is  made ; 
if  sulphate  ultramarine  is  required,  sulphate  of  soda  is  used  ;  if 
soda  ultramarine  is  to  be  made,  then  soda  carbonate  is  used. 
Some  works  use  a  mixture  of  the  two  soda  salts. 

The  various  ingredients  are  ground  together  with  water  into 
a  very  fine  paste  ;  the  finer  the  grinding,  the  better  will  be  the 
quality  of  the  ultramarine  ;  after  the  grinding,  the  paste  is 
dried.  In  some  works  the  water  is  omitted,  it  being  considered 
unnecessary,  while  the  subsequent  drying  adds  to  the  expense  of 
making. 

The  following  are  examples  of  the  mixings  used  in  different 
works  : — 

i^or  sulphate  ultramarine. 
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Kaolin, 

Sodium  sulphate, 
Coal,  . 

Sodium  carbonate, 
Sulphur, 
Rosin,  . 


1. 

Parts. 
100 
83 
17 


2. 

PartB. 
100 
41 

17 
41 
13 


a. 

Parts. 
100 
220 


30 

35 


When  sodium  sulphate  is  used  less  sulphur  is  required ;  in 
proportion  as  the  latter  is  decreased  so  the  proportion  of  the 
former  must  be  increased. 

For  soda  ultramarine  poor  in  silica — 


Kaolin,  ..... 
Sodium  carbonate, 

Coal,  

Sulphur,  

For  soda  ultramarine  rich  in  silica- 


Kaolin, 
Quartz, 

Sodium  carbonate, 
Sulphur,  . 
Coal, 
Rosin, 


100  parts. 
100  ,, 

12  „ 

60  „ 


1. 

Parts. 
90 
10 

100 
60 
12 


2. 

Parts. 

100 

90 
100 
4 

6 


The  second  recipe  gives  a  dark  ultramarine ;  the  more  sulphur 
there  is  used  in  making  soda  ultramarines,  the  deeper  is  the 
shade  of  the  blue  produced ; 
on  the  other  hand,  by  re- 
ducing the  quantity  of  sul- 
phur and  silica  the  blue 
obtained  is  not  so  deep, 
but  is  rather  more  brilliant 
in  hue. 

The  mixture  is  then 
placed  in  crucibles,  about 
6  inches  by  4  inches  in 
size,  and  fitted  with  lids, 
which  are  somewhat  saucer- 
shaped,  sothatthecrucibles 
can  be  piled  one  above  an- 
other in  a  furnace.  Fig. 
19  shows  the  shape  of  the 
crucible  and  its  lid.  The 
mixture  is  packed  rather  tightly  into  these;  sometimes  what  are 
called  seggars  are  used,  but  the  crucible  form  is  better,  as  giving 


Fig.  19. 
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a  firmet-  pile  when  placed  in  the  furnace.  In  some  works  open, 
flat,  round  capsules  are  used  of  such  a  size  that  they  hold  when 
I  full,  about  9  ozs.  of  the  material,  which  forms  a  layer  1^  to  IJ 
inches  thick;  these  are  piled  one  above  the  other  in  a  furnace 
capable  of  holding  about  216  arranged  in  9  layers  of  24  capsules, 
each  formed  of  lots  of  6  by  4. 

The  furnace  in  which  these  pots  of  material  are  placed  varies 
la  form  in  different  works.  Fig.  20  shows  one  form  of  ultra- 
marine furnace.    The  furnace  chamber,  B,  is  an  almost  exact 


E 
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E 
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B 

C 

\  « 

A 

Fig.  20. — Ultramarine  furnace. 


cube  in  form  ;  the  back  is  completely  closed  in,  and  the  front, 

C,  is  open,  but  is  made  up  with  firebricks  when  the  furnace  has 
been  filled  with  the  crucibles.  The  fireplace,  A,  is  under  the 
furnace  chamber,  the  flames  and  heat  in  it  pass  through  openings, 
c  e  e,  in  the  floor  of  the  chamber;  similar  openings,//,  in  the  roof, 

D,  of  the  chamber  serve  as  outlets  for  the  waste  heat  and  gases 
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of  the  furnace  into  the  flue,  EE.  A  number  of  these  furnaces 
are  built  side  by  side  and  back  to  back,  forming  a  range  or  bench 
of  furnaces,  but  are  not  all  worked  together,  for  while  some  are 
being  filled,  others  are  being  emptied,  and  others,  again,  are 
being  heated.  Tn  some  works  a  kind  of  mufile  furnace,  similar 
to  Fig.  21,  is  used. 

After  the  furnace  has  been  charged  with  the  crucibles,  the  front 
is  made  up  with  bricks,  and  the  interstices  between  these  filled 
with  a  mixture  of  sand  and  clay,  a  small  sight-hole  being  left  so 
that  the  temperature  of  the  furnace  can  be  observed ;  if  necessary, 
this  sight-hole  is  stopped  with  an  easily  removable  plug  of  clay. 
The  temperature  of  the  furnace  is  then  slowly  raised  to  a  bright 
red  heat,  at  which  it  is  maintained  for  from  7  to  10  hours,  the 
time  varying  with  the  nature  of  the  composition  and  determin- 
able only  by  actual  practice.  Sulphate  ultramarine  requires  a 
higher  temperature  than  soda  ultramarine ;  if  a  muffle  furnace 
is  used,  the  temperature  is  often  raised  to  a  bright  yellow  for 
from  2i  to  3  hours  only. 

When  the  calcination  is  considered  to  be  complete  the  fire  is 
drawn  and  the  furnace  allowed  to  cool ;  this  must  be  done  as 
slowly  as  possible,  and  care  must  be  taken  that  no  air  enters  into 
the  furnace  during  the  cooling,  because  while  hot  the  crude  ultra- 
marine is  very  susceptible  to  the  action  of  the  oxygen  of  the  air, 
and  the  yield  as  well  as  shade  of  the  colour  would  be  injured. 
When  cold  the  crucibles  are  removed  and  the  furnace  is  ready 
for  another  charge.  This  first  burning  of  the  ultramarine  is  a 
most  important  operation,  and  great  care  must  be  exercised  in 
carrying  it  out;  access  of  air  to  the  contents  of  the  crucible  must 
be  carefully  avoided;  the  temperature  should  not  be  too  high 
nor  too  prolonged,  as  then  the  material  would  be  overburnt  and 
will  not  give  a  satisfactory  blue;  on  the  other  hand,  under- 
burning  is  just  as  bad,  for  then  the  colour  will  not  be 
homogeneous.  A  furnace  such  as  that  shown  can  be  charged 
three  times  per  week. 

The  colour  of  the  burnt  mass  varies  somewhat;  usually  it  is  of 
a  green  colour,  mostly  of  a  bluish  tone  (which  is  generally 
indicative  of  good  burning),  but  sometimes  it  is  of  a  yellowish- 
green  shade,  and  at  others  it  passes  more  into  a  blue,  while,  if 
not  properly  burnt,  it  will  have  a  brown  shade. 

The  crude  green  ultramarine,  which  is  somewhat  cindery  in 
appearance,  is  now  thrown  into  water  for  the  purpose  of  washing 
out  all  the  soluble  soda  salts;  the  last  washings  of  one  batch  are 
often  used  as  the  first  wash-waters  of  another  batch  for  the 
purpose  of  economising  the  water.    While  still  wet  the  ultrsr 
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marine  is  ground  up  in  mills  into  as  fine  a  form  as  possible,  in 
order  to  effect  the  completest  practicable  extraction  of  the 
soluble  matter.  The  ground-up  green  ultramarine  is  then  dried, 
when  it  is  ready  for  the  next  operation.  In  this  form  it  is  sold 
under  the  name  of  green  ultramarine  for  use  as  a  pigment. 

The  wash-waters  contain  a  large  proportion  of  sodium  salts, 
chiefly  in  the  form  of  sodium  sulphide.  In  many  works  it  is 
customary  to  evaporate  the  liquors  to  dryness  by  means  of  the 
waste  heat  of  the  furnaces,  and  to  use  the  dry  residue  for  another 
mixing. 

(b)  Colouring  Operation — Manufacture  of  Ultramarine 

Blue. — The  green  ultramarine  obtained  in  the  first  stage  has 
now  to  be  converted  into  the  blue,  which  is  done  by  heating  it 
with  sulphur  in  a  furnace  at  a  low  temperature. 

There  are  three  ways  of  carrying  out  this  colouring  operation. 
(1)  On  trays,  (2)  in  a  cylinder,  and  (3)  in  a  muffle. 

1.  Tray  Method, — A  form  of  muffle  furnace  is  built  in  which 
the  muffle  is  filled  with  a  number  of  trays  or  shelves.  On  these 
trays  the  green  ultramarine  is  spread  in  layers  of  about  an  inch 
thick,  and  over  them  is  sprinkled  some  sulphur;  the  muffle  door 
is  closed,  the  furnace  is  lighted,  and  the  heat  continued  until  the 
sulphur  takes  fire ;  then  the  fires  are  drawn  and  the  sulphur 
allowed  to  burn  itself  out,  after  which  the  crude  pigment  is  taken 
from  the  muffle  and  finished  in  the  manner  described  further  on. 

2.  Cylinder  Method. — It  is  also  known  as  the  German  method. 
Small  cast-iron  cylindrical  vessels  are  imbedded  in  brickwork 
over  an  ordinary  fireplace  ;  these  cylinders  are  closed  at  the  back 
end,  but  open  in  front,  which  is  fitted  with  a  door  made  of 
wrought  iron  ;  in  this  door  are  two  apertures  for  the  purpose  of 
charging  the  cylinder  with  sulphur,  while  a  pipe  from  the  top  of 
the  cylinder  carries  off  the  gases  produced  by  the  burning  of  the 
sulphur.  An  agitator  is  fitted  to  the  cylinder,  by  means  of 
which  its  contents  can  be  kept  well  mixed  during  the  progress  of 
the  operation. 

From  27  to  34  lbs.  of  the  ground  green  ultramarine  is  charged 
into  the  furnace,  the  door  closed  and  the  fire  lighted.  When  the 
temperature  is  sufficient  to  ignite  sulphur,  1  lb.  of  sulphur  is 
thrown  into  the  cylinder ;  when  this  has  burned  away  and  fumes 
have  ceased  to  issue  from  the  cylinder,  another  pound  of  sulphur 
is  thrown  in  and  allowed  to  burn ;  a  small  sample  is  now  drawn 
from  the  furnace  and  its  colour  noted  ;  if  not  blue  enough,  more 
sulphur  is  thrown  in  at  intervals  until  a  sample  taken  out  of  the 
cylinder  shows  that  the  blue  has  properly  formed  ;  after  the 
cylinder  has  cooled  down  the  pigment  is  scraped  into  a  box,  and 
is  ready  for  the  finishing  operation. 
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During  the  whole  of  this  operation  the  temperature  of  the  fur- 
nace is  kept  at  the  proper  heat,  viz.,  that  at  which  sulphur  will 
burn,  and  the  agitator  is  kept  at  work. 

3.  Muffle  Method, — It  is  also  known  as  the  French  method. 
In  this  method  the  green  ultramarine  is  coloured  by  heating  with 
sulphur  in  a  muffle  furnace.  Such  a  furnace  is  shown  in  Fig.  21, 
which  represents  a  longitudinal  section  of  an  ultramarine  muffle 
furnace.    The  fireplace  is  shown  at  A,  and  is  separated  from  the 


Fig.  21. — Ultramarine  muffle  furnace. 


muffle-chamber  by  a  fiued  arch.  The  muffle,  B,  is  made  of 
earthenware,  and  is  completely  closed  at  one  end,  while  the  other 
is  fitted  with  a  door,  D,  so  built  into  the  furnace  that  none  of  the 
furnace  gases  can  get  into  the  interior  of  the  muffle  ;  C  is  the  flue 
of  the  furnace  ;  G  is  a  kind  of  hood  which  collects  all  the  vapours 
of  the  burning  sulphur,  and  passes  them  into  the  flue,  C,  and  so 
up  the  general  chimney  of  the  works. 

The  green  ultramarine  is  spread  in  a  layer  of  about  1-^  to 
2  inches  thick  on  the  floor  of  the  muffle,  the  door  closed  and  the 
fire  lighted  ;  when  the  temperature  is  high  enough  for  sulphur  to 
burn,  a  shovelful  of  that  substance  is  thrown  into  the  muffle  and 
stirred  with  an  iron  rod ;  when  the  first  shovelful  has  burnt  out, 
more  sulphur  is  added  from  time  to  time,  until  a  sample  of  the 
colour  taken  out  of  the  furnace  shows  that  it  has  acquired  the 
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desired  blue  colour.  The  muffle  is  more  rapid  in  working  than 
the  cylinder.  The  blue  is  raked  out  of  the  furnace  and  is 
finished  in  the  usual  manner. 

The  indirect  process,  while  yielding  a  very  good  quality  of 
ultramarine,  labours  under  the  disadvantages  of  making  it  in 
small  quantities  only  at  a  time,  and  of  being  attended  with  a 
large  loss  of  material  in  the  operations. 

The  Direct  Process  of  Ultramarine-making. — The  disad- 
vantages of  the  indirect  method  induced  the  manufacturers  to 
seek  a  new  method,  by  which  larger  quantities  could  be  made  at 
one  time,  and  in  which  the  loss  of  material  would  not  be  so 
great ;  the  labours  of  the  chemists  who  have  been  engaged  on 
this  object  were  rewarded  with  success  by  the  discovery  of  a 
direct  method  having  the  desired  advantages.  The  direct  method 
can,  however,  only  be  used  for  making  the  soda  ultramarine,  but 
as  this  happens  to  be  the  principal  variety,  the  one  disadvantage 
attending  the  process  is  practically  of  no  moment. 

The  direct  process  can  be  carried  out  either  in  (1)  muffle 
furnaces,  or  (2)  in  crucibles. 

1.  Muffle  Method, — A  mixture  of  kaolin,  sodium  carbonate, 
sodium  sulphate,  sulphur,  sand,  rosin,  or  charcoal  is  made,  the 
proportions  varying  in  different  works,  but  approximating  to 
those  already  given. 

The  following  mixtures  work  very  well  and  yield  fine 
blues  : — 


For  Ultramarines  Rich  in  Silica. 

China  clay,   86  lbs. 

Soda  ash,   60 

Sulphur,   75 

Sodium  sulphide,  8 

Rosin,   14  ,, 

Diatomaceous  earth,  4  ,, 


For  Ordinary  Ultramarines. 

China  clay,   71  or  72  lbs. 

Soda  ash,   61  „  66 

Sulphur,   76  ,,  784  ,, 

Sodium  sulphide,  4  ,,    5  ,, 

Silica,   24  „  24  „ 

Sodium  sulphate,  4  ,,    4  ,, 

Rosin,   14  „  14  ,, 


Either  mixture  gives  the  best  results  when  worked  at  a 
moderate  red  heat,  and  takes  from  98  to  102  hours  firing. 
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The  mixture,  reduced  to  the  finest  state  so  as  to  ensure  the 
most  intimate  union  of  the  ingredients,  is  placed  in  layers  of 
from  2 1  to  3  inches  thick  (modern  furnaces  take  a  layer  of  18  to 
20  inches  thick),  and  firmly  pressed  down  on  the  floor  of  the 
muffle ;  a  charge  weighs  about  45  lbs.  The  surface  of  the  charge 
is  covered  with  fireclay  tiles,  and  the  spaces  between  these  luted 
with  mortar;  at  the  front  of  the  muffle  one  of  the  tiles  is  left 
loose,  so  that,  when  required,  it  can  be  raised  to  admit  of  samples 
being  withdrawn  for  testing.  The  front  opening  of  the  muffle  is 
now  made  up,  a  small  aperture  being  left  for  the  purpose  of 
observing  the  temperature  of  the  muffle  and  for  drawing  out 
samples  from  time  to  time. 

The  furnace  is  now  heated,  at  first  slowly,  towards  the  last 
more  strongly,  so  that  in  about  8  or  9  hours  it  has  attained  a 
dull  red  heat,  at  which  temperature  it  is  maintained  for  24  hours, 
and  then  raised  to  a  bright  red  heat  until  the  end  of  the  operation, 

A  sample  is  now  withdrawn  from  the  furnace  through  the 
hole  in  the  door  and  a  corresponding  hole  in  the  tiles ;  this 
sample  is  placed  between  two  tiles  as  quickly  as  possible,  and  a 
second  sample  is  taken  out  and  placed  on  the  top  of  the  tiles ; 
when  the  samples  have  cooled,  the  colour  of  the  samples  are 
compared.  If  the  operation  is  finished,  the  colour  of  the  second 
exposed  sample  will  be  of  the  blue  colour,  while  that  of  the  first 
sample  (the  covered  one)  will  be  of  a  blue-green  colour ;  when 
this  is  found  to  be  the  case,  the  fires  are  drawn  and  the  furnace 
and  its  contents  allowed  to  cool  down,  care  being  taken  that  no 
air  enters  into  the  furnace ;  or,  to  make  quite  sure,  the  heat  is 
usually  maintained  for  another  hour.  Should  the  trial  samples 
have  a  brown  colour,  the  mass  has  been  insufficiently  heated, 
and  the  temperature  of  the  furnace  is  raised  a  little  higher. 

When  the  furnace  is  opened  the  ultramarine  is  found  to  be  in 
two  layers — an  upper  one  of  a  bright  blue  colour,  and  a  lower 
one  of  a  bluish-green ;  these  are  separated  and  finished  in  the 
usual  way,  the  upper  layer  forming  the  best  and  the  lower  layer 
an  inferior  quality  of  ultramarine. 

Although  the  quality  of  the  blue  produced  by  this  method  is 
good,  yet  the  quantity  capable  of  being  produced  is  small ; 
therefore  it  is  not  much  used,  and  the  crucible  method  described 
below  has  replaced  it  to  a  large  extent. 

2.  Crucible  Method^ — The  method  most  largely  employed  for 
the  production  of  ultramarine  is  that  known  as  the  crucible 
method,  and  is  carried  out  as  follows  : — 
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A  mixture  is  made  of 

Kaolin,       .       .       .       .       .       .       .  100  parts. 

Sodium  carbonate,  90  ,, 

Sulphur,   110  „ 

Charcoal,  20  ,, 

A  variable  quantity  of  diatomaceous  earth  (from  20  to  30  parts) 
are  added,  according  as  the  ultramarine  has  to  be  rich  or  poor 
in  silica ;  in  some  works  6  parts  of  rosin  are  added. 
A  very  good  mixture  is 


Kaolin, 

Sodium  carbonate, 
Sodium  sulphate, 
Sulphur, 
Charcoal, 

Diatomaceous  earth. 

Quartz, 

Rosin,  . 


76  parts. 

60  „ 

15  „ 
78  „ 

16  „ 
18  „ 
10  „ 
12  „ 


This  mixture  will  give  an  ultramarine,  rich  in  silica,  of  a  fine 
shade,  suitable  for  papermaker*s  use ;  should  an  ultramarine 
for  painter's  use  be  required  that  is  rather  poorer  in  silica, 
then  the  quantity  of  diatomaceous  earth  and  quartz  may  be 
reduced  to  about  one-half  the  quantities  given  above.  It  may 
be  pointed  out  that  the  kaolin  used  in  making  the  pigment  by 
the  crucible  method  should  not  contain  less  than  46  per  cent,  of 
silica,  while  for  papermaker's  blue  and  other  blues  rich  in  silica 
it  is  advisable  to  select  kaolin  containing  50  per  cent,  of  silica. 

All  these  ingredients  are  ground  together  into  a  homogeneous 
mass ;  this  is  a  point  of  great  importance.  The  mixture  is 
loosely  packed  into  crucibles  fitted  with  flat  lids,  which  are 
luted  on  by  means  of  mortar.  When  the  mortar  luting  is  dry 
the  crucibles  are  piled  in  ovens  large  enough  to  hold  from  400 
to  500  crucibles,  and,  in  shape,  not  unlike  that  described  for  the 
first  stage  of  the  indirect  process.  After  all  doors  and  openings 
into  the  oven  are  made  up  it  is  fired  to  a  bright  red  heat  for 
several  hours,  the  length  of  time  varying  considerably  and 
depending  upon  a  number  of  factors,  such  as  the  state  of  the 
weather,  the  composition  of  the  mixture,  &c.  Experience  is  the 
only  school  in  which  an  ultramarine-maker  can  learn  how  to 
regulate  the  time  required. 

After  the  heating,  all  apertures  are  carefully  closed,  so  as  to 
exclude  air,  and  the  furnace  allowed  to  cool  for  four  or  five  days ; 
the  oven  is  then  opened,  the  crucibles  withdrawn  and  opened, 
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the  contents  turned  out,  and  the  badly-burnt  pieces  carefully 
separated ;  the  good  portions  are  ready  to  be  finished. 

The  changes  which  go  on  during  the  heating  of  the  mixture 
are  both  curious  and  interesting.  The  mixture  when  first  put 
into  the  crucibles  is  of  a  greyish  colour,  but  during  the  process 
of  burning  it  passes  through  quite  a  series  of  colour-changes — 
brown,  green,  blue,  violet,  red,  and  white.  The  brown  appears 
with  the  blue  flames,  due  to  the  burning  of  the  sulphur ;  it  is  a 
fine  chocolate  brown,  but  is  very  unstable ;  on  exposure  to  the 
air  it  enters  into  combustion.  Many  efibrts  have  been  made  to 
preserve  it,  but  these  have  been  fruitless.  The  green,  which 
is  the  next  change,  begins  to  form  when  the  sulphur  has 
ceased  to  burn ;  like  the  brown  it  is  unstable,  as  the  substance 
burns  on  exposure  to  the  air.  Following  the  green  comes  the 
blue,  which  is  formed  when  the  temperature  has  reached  about 
700°  C,  or  a  bright  red  heat;  when  the  temperature  gets  higher 
the  colour  changes  to  a  violet.  With  still  higher  temperatures, 
first  a  red,  then  a  white  variety  is  formed.  These  changes  are 
due  to  oxidation ;  when  the  white  ultramarine  is  heated  with 
reducing  agents,  such  as  carbon,  the  colours  are  re-formed  in  the 
reverse  order  to  that  in  which  they  first  appeared. 

The  form  of  furnace  to  be  used  in  burning  the  ultramarine  is 
not  a  matter  of  importance,  the  operation  can  be  efiected  in  a 
reverberatory  furnace,  in  a  muffle  furnace,  in  earthenware  pots, 
in  ovens,  or  in  any  convenient  apparatus. 

Finishing  Ultramarine. — By  whatever  process  the  pigment  is 
prepared  it  comes  from  the  furnaces  in  the  form  of  a  gritty, 
somewhat  cindery-looking,  blue  mass  containing  a  large  quantity 
of  soluble  sodium  salts,  and  in  this  condition  is  unserviceable  for 
use  as  a  pigment.  To  fit  it  for  this  purpose  the  crude  ultra- 
marine has  to  undergo  a  finishing  process,  which  has  for  its 
object  to  purify  the  colour  and  to  develop  the  hidden  beauty  of 
the  pigment.  The  process  of  finishing  is  essentially  one  of 
washing  and  levigation.  The  crude  ultramarine  is  thrown  into 
grinding  mills  where  it  is  ground  with  water,  this  grinding  being 
done  as  thoroughly  as  possible,  as  on  it  depends  to  a  very  large 
extent  the  excellence  of  the  pigment  as  regards  colouring  power 
and  fineness.  After  the  grinding,  the  wet  ultramarine  is  run 
into  large  tubs,  where  it  is  treated  with  hot  water,  or  even  boiled 
with  water,  so  as  to  make  sure  that  all  the  soluble  contents  of  the 
crude  ultramarine  are  dissolved  out.  The  ultramarine  is  now 
allowed  to  settle  and  the  liquor  run  off* ;  this  contains  sodium 
sulphate  which  may  be  recovered  by  evaporation  and  used  in 
making  new  batches  of  ultramarine.    Then  clean  water  is  agaiu 
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run  on  to  the  pigment,  which,  after  being  thoroughly  stirred  up, 
is  again  allowed  to  settle  and  the  water  again  poured  off ;  this 
washing  is  repeated  several  times. 

The  wet  ultramarine  is  now  ground  in  grinding  mills  specially 
constructed  for  grinding  wet  materials  very  finely ;  such  mills  will 
be  found  described  in  another  Chapter.  This  grinding  is  import- 
ant and  takes  several  hours ;  the  length  of  time  depends  upon  the 
use  to  which  the  ultramarine  is  to  be  put.  The  finer  qualities, 
which  are  used  in  calico-printing  and  letterpress  and  lithographic 
printing,  and  must  be  very  fine,  require  the  longer  grinding;  they 
are  sold  under  the  name  of  calico-printers'  ultramarine  ;  painters 
do  not  require  so  fine  a  quality,  and  for  this  the  wet  ultramarine 
is  not  subjected  to  lengthy  grinding.  Another  method  of 
separating  the  different  qualities  of  ultramarine  is  by  levigation, 
which  forms  an  essential  part  of  the  process. 

The  wet  ultramarine  as  it  comes  from  the  grinding  mills  is  run 
into  large  tubs  of  water,  in  which  it  is  thoroughly  stirred  and 
then  allowed  to  settle  for  two  hours ;  this  allows  the  coarser 
particles  to  subside,  while  the  finer  particles  still  remain  in 
suspension,  and  are  run  into  other  tubs,  where  they  are  allowed 
to  settle.  The  coarse  particles  in  the  first  tub  are  run  into  the 
mills  again  to  be  re-ground  with  another  batch  of  crude  ultra- 
marine. The  particles  which  settle  in  the  second  tubs  are 
collected,  dried  at  a  gentle  heat,  and  sent  into  the  market.  In  the 
water  of  the  second  tub  there  still  remains  some  fine  ultramarine  ; 
this  is  run  into  a  third  tub,  where  it  is  allowed  to  settle,  and, 
after  drying,  is  sold  as  a  fine  quality.  Frequently,  there  still 
remains  in  the  last  waters  some  very  fine  ultramarine,  even  when 
the  tubs  have  been  allowed  to  stand  for  a  month  to  settle ; 
by  adding  a  little  lime  «water,  which  causes  an  aggregation  of  the 
particles,  this  can  be  collected  by  filtering. 

Before  being  sold  the  dry  ultramarine  is,  in  many  works, 
subjected  to  a  process  of  sieving,  which  separates  the  coarser 
particles  and  yields  the  pigment  in  the  form  of  an  impalpable 
powder;  the  finer  qualities  should  have  a  buttery  feel  when 
rubbed  between  the  fingers. 

The  shade  of  the  finished  ultramarine  depends  upon  several 
factors,  such  as  the  proportions  of  the  constituents  used  in  the 
mixings,  the  perfection  of  the  burning  operations,  and  the 
fineness  to  which  the  pigment  has  been  ground;  as  it  is  impos- 
sible to  regulate  each  of  these  factors  with  mathematical  accuracy, 
it  follows  that  the  shade  of  the  finished  colour  must  vary  from 
time  to  time ;  and  as  this  variation  is  objectionable  the  makers 
overcome  it  by  having  a  number  of  standard  or  type  colours  or 
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shades,  to  which  standard  they  bring  up  all  batches  by  a  process 
of  blending  and  mixing  different  shades  together  so  as  to  obtain 
the  marketable  brands. 

Wet  Methods  of  Making  Ultramarine. — Many  attempts  have 
been  made  to  prepare  ultramarine  by  wet  processes,  but  mostly 
without  any  success.  Knapp's  process,  given  in  the  Jour,  filr 
Praktisch.  Chem.^  1885,  p.  375,  consists  in  first  roasting  a  mixture 
of  kaolin,  sodium  carbonate,  and  sulphur  to  such  a  temperature 
that  the  roasted  mass  has  a  brown  colour,  at  which  point  it  is 
maintained  until  the  kaolin  is  completely  decomposed ;  after 
cooling,  the  mass  is  digested  in  a  solution  of  sodium  persulphide. 
The  defect  of  this  process  consists  in  the  small  margin  there  is 
between  success  and  failure ;  if  the  colour  of  the  roasted  mass  be 
allowed  to  pass  beyond  the  brown,  the  colour  of  the  finished 
ultramarine  begins  to  deteriorate  ;  and  if  it  becomes  red,  then  no 
blue  is  produced  when  the  mass  is  digested  with  the  persulphide; 
under  these  conditions  the  process  can  hardly  become  a  com- 
mercial success. 

The  colour  of  the  finished  product  is  not  quite  equal  to  that  of 
ultramarine  made  by  the  dry  methods ;  it  is,  however,  not  much 
inferior. 

PROPERTIES  OP  ULTRAMARINE.— Ultramarine  is  one 
of  the  most  important  pigments  at  the  command  of  the  painter. 
As  a  pigment  it  is  perfectly  permanent  when  exposed  under  all 
ordinary  conditions,  being  perfectly  fast  to  light  and  air,  the  only 
destructive  agents  being  acid  vapours  which  rapidly  decolorise 
it.  It  can  be  mixed  with  all  the  ordinary  vehicles  used  by 
painters  and  with  most  other  pigments  without  being  changed 
thereby  or  itself  causing  any  change.  The  only  exceptions  are 
those  pigments  containing  lead  or  copper,  which,  owing  to  their 
forming  black  sulphides  with  sulphur,  are  liable  to  become  dis- 
coloured when  mixed  with  ultramarine ;  the  rate  of  change  of 
such  mixtures  as  ultramarine  with  chrome-yellow  or  emerald- 
green  is  very  variable  ;  sometimes  the  mixture  will  change  colour 
very  soon,  at  other  times  the  mixture  will  keep  its  colour  for  a 
considerable  time ;  much  depends  upon  the  quality  of  the  pig- 
ments and  the  care  with  which  they  have  been  made. 

Ultramarine  is  distinguished  by  its  pale  but  pure  tone  and  by 
its  tint  of  blue  being  quite  difierent  from  that  of  all  other  blue 
pigments.  The  soda  ultramarines  are  of  a  violet-blue  shade,  the 
variety  rich  in  silica  having  the  darkest  and  deepest  tint ;  the 
sulphate  ultramarine  is  of  a  pale  greenish-blue  tint  and  is  the 
palest  blue  pigment  made,  resembling  blue  verditer  in  tint. 

The  most  characteristic  property  of  ultramarines  is  their  being 
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readily  acted  upon  by  acids ;  the  colour  is  discharged  and  the 
pigment  decomposed,  sulphuretted  hydrogen  being  evolved  and 
sulphur  deposited.  All  acids  have  this  property,  even  weak 
organic  acids,  such  as  acetic  acid,  tartaric  acid,  tfcc,  this  distin- 
guishes ultramarine  from  all  other  blue  pigments ;  on  the  other 
hand,  it  prevents  the  use  of  ultramarine  wherever  there  is  the 
least  chance  of  its  coming  into  contact  with  acid  influences, 
which  are,  sooner  or  later,  sure  to  destroy  the  colour.  Of  the 
varieties  of  ultramarine,  the  sulphate  is  the  most  readily  decom- 
posed, while  the  highly  silicated  soda  variety  is  the  most  stable 
of  the  soda  ultramarines.  Boiled  in  strong  nitric  acid,  there  is, 
first,  a  decoloration,  and  then  a  deposition  of  sulphur;  afterwards 
the  sulphur  is  dissolved  and  a  residue  of  gelatinous  silica  is  left 
behind.  Alkalies  have  no  action  on  ultramarine.  When  boiled 
in  alum,  ultramarines  take  a  more  violet  tone ;  the  sulphate 
variety  is  the  most  readily  changed,  while  the  highly  silicated 
soda  ultramarine  resists  the  action  most;  the  latter  variety  is 
therefore  used  by  papermakers,  because,  owing  to  their  having  to 
use  alum  or  sulphate  of  alumina  in  sizing  their  papers,  they 
require  an  ultramarine  which  will  not  change  much,  if  anything, 
under  the  influence  of  those  bodies.  Heat  has  no  action  on 
ultramarine. 

COMPOSITION  OP  ULTRAMARINE.— Ultramarines 
are  compounds  of  silica,  Si  O2,  alumina,  AI2  O3,  soda.  Nag  O, 
sulphur,  S,  and  sulphur  oxide,  S  O3.  The  last,  although  present 
in  almost  every  sample  of  ultramarine,  is  not  an  essential  con- 
stituent of  the  colour. 

The  following  are  some  analyses  of  ultramarines,  mostly  by 
the  author,  which  will  show  the  average  composition  of  these  im- 
portant pigments : — 
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Sulphate. 

fSoap- 
niakers" 

Calico - 
Printers'. 

Paper- 
makers'. 

Green. 

Silica,  Si  O2,    .    .    .    .  . 

49-685 

40  647 

40-885 

45  420 

38-52 

Alumina,  AI2  O3,      .    .  . 

23  000 

25  047 

24-110 

21-147 

28-94 

9-234 

12-953 

13-740 

11-624 

8-30 

Sulphur  tr  ioxide,  S  O3,  .  . 

2  464 

4-814 

3  047 

5-578 

Soda,  Na2  0,  

12-492 

14-264 

15-618 

9-906 

2.3*68 

Water,  Ho  0,  

3-125 

2  275 

2-600 

6  •3-25 

100-000 

100  000 

100-000 

100  000 

99-44 
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Tlie  soap-makers',  calico-printers',  and  paper-makers'  ultra- 
marines are  of  English  make,  the  others  of  Continental  make. 
The  analyses  of  paper-makers'  and  soap-makers'  ultramarines 
show  the  difference  between  the  two  varieties  of  soda  ultra- 
marines ;  the  first  named  is  rich  in  silica,  while  the  other  is  poor 
in  silica ;  the  soap-makers'  and  calico-printers'  samples  are 
evidently  identical  in  composition,  but  the  latter  is  much  finer 
than  the  former.  The  analysis  of  green  ultramarine  shows  the 
difference  between  the  green  and  blue  ultramarines. 

CONSTITUTION  OF  ULTRAMARINE.— One  of  the  pro- 
blems chemists  have  endeavoured  to  solve  has  been  how  the 
various  constituents  of  ultramarine  are  combined  together,  but  it 
is  still  unsolved,  and  will  probably  remain  so  for  some  tiaie  to 
come;  the  difficulty  of  solving  it  seems  to  be  the  inability  to 
effect  the  substitution  of  particular  groups  of  elements  in  it  in 
the  same  manner  as  can  be  done  in  organic  chemistry,  where, 
even  in  complex  molecules,  the  power  of  replacing  one  group  by 
another  enables  one  to  form  some  conception  as  to  the  actual 
constitution  of  the  compound.  It  is  true  that  the  sodium  in 
ultramarine  can  be  replaced  by  silver  and  other  metals  so  as  to 
form  varieties  of  ultramarine,  and  that  the  sulphur  can  be  re- 
placed by  selenium  or  tellurium;  but  these  replacements  throw  no 
light  on  the  problem,  for  they  are  simply  replacements  of  one 
element  by  another,  not  of  groups  of  elements. 

Many  chemists,  e.^.,  Wilkins,  Hotimann,  Unger,  Endeman, 
and  Elmer,  have  worked  on  this  question. 

Hoffmann's  theory  of  the  constitution  of  ultramarine  is,  perhaps, 
nearest  the  truth.  Hoffmann  was  head  of  the  Marienberg  Ultra- 
marine Works  and  did  much  to  throw  light  on  this  subject;  he 
considered  ultramarine  to  be  a  double  silicate  of  alumina  and  soda 
combined  with  bisulphide  of  sodium.  The  formula  assigned 
to  the  soda  ultramarine  poor  in  silica  was  4  (AI2  Nag  Sig  Og) 
+  Nag  S4,  and  to  that  rich  in  silica,  2  (Alg  Nag  Sig  O^q)  +  Nag  S^. 

Endeman  considers  that  the  ultramarines  contain  a  colour- 
nucleus  (an  oxysulphide  of  alumina  and  soda)  disseminated 
through  a  double  silicate  of  alumina  and  soda. 

The  colour-nucleus  of  white  ultramarine  (which  may  be  re- 
garded as  the  parent  body)  has  the  formula  Al  Na^  Og  Sg ;  the 
action  of  sulphur  upon  this  is  to  remove  soda  and  to  form  green 
ultramarine,  which  contains  the  nucleus,  Alg  Nag  Sg  O3;  this,  by 
oxidation,  can  be  converted  into  Alg  Na^  S3  O3  which  has  a  jet 
green  colour ;  by  burning  with  sulphur,  this  is  converted  into  the 
nucleus  of  the  blue  variety,  which  has  the  formula  Alg  Nag  S3  O3. 
The  base  through  which  the  colour-nucleus  is  distributed  is  of 
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variable  composition  ;  Endeman  gives  the  formula  of  one  variety 
as  16  Si  Og,  3  Alg  O3,  5  Nag  O.    But  all  this  is  open  to  great  doubt. 

The  most  competent  authorities  consider  that  the  green  ultra- 
marine is  not  a  true  chemical  compound,  but  a  combination  of 
the  blue  with  sodium  salts;  because,  by  simply  boiling  with  water, 
it  is  converted  into  the  blue  ultramarine,  while  soluble  sodium 
salts  are  found  in  the  water ;  on  the  other  hand,  by  heating  the 
blue  ultramarine  with  sodium  sulphate  and  charcoal,  it  is  con- 
verted into  the  green  ultramarine. 

Gueckelberger,  one  of  the  most  recent  writers  on  the  subject, 
confirms  the  figures  given  by  Hofifmann ;  but  considers  that  the 
ultramarines  are  derived  from  a  typical  compound  containing 
Si|g ;  thus,  for  the  variety  rich  in  silica  he  proposes  the  formula 
Sijg  A1^2  ^^20  ^6  ^62  '  whil®  the  variety  poor  in  silica  has  the 
formula  Si^g  Al^g  I^sl^q  Sg  O^^  It  is  doubtful  whether  ultramarines 
have  the  complex  composition  here  assigned  to  them  and,  more- 
over, no  light  is  thrown  on  their  constitution. 

ASSAY  AND  ANALYSIS.— As  there  is  so  much  differ- 
ence between  various  makes  of  ultramarines,  it  is  necessary  to 
assay  for  colour,  fineness,  body,  &c.  Those  ultramarines  which 
are  to  be  used  by  paper-makers  should  be  tested  for  their  power 
of  resisting  the  action  of  alum  ;  this  can  be  done  by  taking  about 
5  grammes  and  boiling  in  a  solution  of  alum  of  about  5  per  cent, 
strength.  To  see  what  change  of  colour  may  have  taken  place, 
5  grammes  of  the  colour  should  be  shaken  up  with  clean  water 
and  the  two  wet  samples  compared  together ;  any  change  brought 
about  by  the  alum  can  then  be  readily  detected. 

It  is  rarely  that  a  complete  analysis  of  ultramarine  is  required ; 
in  such  an  event,  the  following  scheme  can  be  adopted  : — 

For  Water. — Heat  2  grammes  in  a  weighed  crucible  for  about 
half  an  hour  over  the  Bunsen  flame;  the  loss  in  weight  is  the 
amount  of  water  present. 

For  Silica,  Si  Og. — Treat  2  grammes  with  hydrochloric  acid 
until  the  colour  is  completely  destroyed ;  evaporate  the  mixture 
to  dryness  and  gently  ignite  the  residue ;  treat  the  dry  mass  with 
hydrochloric  acid,  filter  off  the  insoluble  silica,  well  wash  it,  then 
dry,  and  burn  in  a  weighed  crucible ;  the  increase  in  weight  minus 
the  weight  of  the  filter-paper  ash  is  the  weight  of  the  silica. 

For  Alumina,  Alg  O3. — To  the  filtrate  from  the  silica  add  am- 
monia in  slight  excess,  boil  gently,  then  filter,  and  treat  the 
precipitate  of  alumina  as  the  silica. 

For  Soda,  Nag  O. — To  the  ammoniacal  filtrate  from  the  alumina 
add  sufficient  sulphuric  acid  to  neutralise  the  ammonia,  then 
evaporate  to  dryness  in  a  weighed  basin  and  ignite  the  residue 
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until  all  ammoniacal  fumes  have  been  given  off ;  weigh  the  residue 
of  sodium  sulphate,  and  multiply  this  weight  by  0'4366  to  ascer- 
tain the  weight  of  the  soda,  Nag  O. 

Total  Sulphur, — Treat  2  grammes  of  the  ultramarine  with  a 
mixture  of  2  parts  of  nitric  acid  and  1  part  of  hydrochloric  acid, 
until  the  colour  is  completely  decomposed  and  only  a  transparent 
mass  of  silicate  is  left ;  filter  this  off,  and  to  the  filtrate  add  a 
solution  of  barium  chloride  in  excess,  boil  and  filter,  wash  the 
precipitate  well,  dry,  burn,  and  weigh  it  in  a  crucible.  To  find 
the  weight  of  sulphur,  multiply  the  weight  of  barium  sulphate  so 
found  by  0*13734  j  from  this  deduct  the  weight  of  sulphur  present 
as  sulphuric  acid  to  find  the  quantity  of  sulphur  present  as 
sulphide. 

Fo7'  Sulphur  as  Sulphuric  Acid. — Weigh  out  2  grammes  of 
ultramarine,  treat  with  dilute  hydrochloric  acid,  filter  off  the 
precipitated  sulphur  and  silica,  and  precipitate  the  filtrate  with 
barium  chloride,  treat  the  precipitate  as  in  the  last.  To  find  the 
amount  of  sulphur  trioxide  present,  multiply  the  weight  of  the 
barium  sulphate  so  found  by  0*34335. 

ULTRAMARINE  DERIVATIVES.— It  has  been  stated 
above  that  some  of  the  constituents  of  the  blue  and  green  ultra- 
marines can  be  substituted  by  other  analogous  bodies,  such  as 
selenium  for  the  sulphur  or  the  sodium  by  silver ;  in  this  way 
other  ultramarines  can  be  prepared,  but,  as  a  rule,  they  are  only 
of  scientific  interest,  as  their  colour  is  of  no  technical  moment,  as 
will  be  seen  later  on ;  hence  they  are  not  made  on  a  large  scale ; 
still  their  production  may  ultimately  throw  light  upon  the 
question  of  the  chemical  constitution  of  ultramarine,  and  the 
fact  of  their  formation  must  be  faced  by  all  chemists  who  essay 
to  deal  with  this  question.  There  are  one  or  two  coloured 
derivatives  of  ultramarine  which  are  used  to  a  limited  extent; 
these  are  the  violet  and  red  ultramarines. 

VIOLET  ULTRAMARINE.— This  product  can  be  made 
from  either  the  green  or  blue  ultramarines,  from  which  it  differs 
by  containing  less  sulphur  and  more  alumina.  It  can  be  made 
in  several  ways.  Zeltner  makes  violet  ultramarine  by  submitting 
either  the  blue  or  green  varieties  to  the  temperature  of  about 
300°  C,  and  passing  chlorine  gas  over  them  ;  at  first  the  colour 
is,  if  the  blue  is  used,  turned  green,  then  this  becomes  dark  red; 
at  this  point  the  operation  is  stopped  and  the  red  product  is 
boiled  in  an  alkaline  solution  until  it  turns  violet ;  after  which 
it  is  washed.  Instead  of  using  dry  chlorine  at  a  temperature  of 
300°  C,  the  green  or  blue  varieties  may  be  heated  in  a  mixed 
current  of  steam  and  chlorine  at  a  temperature  of  160°  to  180°  C, 
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until  the  colour  is  developed;  after  which  it  is  washed  with 
water  to  free  it  from  the  sodium  chloride  formed,  and  dried. 

In  another  method,  devised  by  Hofimann,  blue  ultramarine  is 
mixed  with  about  2*5  per  cent,  of  ammonium  chloride;  the 
mixture  heated  to  a  temperature  of  200°  0.,  is  exposed  to  the  air 
until  the  violet  colour  is  properly  developed,  and  the  mass  allowed 
to  cool  slowly ;  when  cold,  it  is  washed  thoroughly  and  dried. 

Yiolet  ultramarine  has  very  similar  properties  to  the  blue 
variety,  and  is  similarly  decomposed  by  acids ;  boiling  in  alkalies 
changes  the  colour  to  blue.  The  shade  of  the  pigment  is  a  very 
pale  reddish- violet.  This  pigment  is  not  used  to  any  great 
extent  owing  to  its  want  of  colouring  power.  In  composition  it 
resembles  the  blue  varieties ;  a  sample  analysed  by  the  author 
contained  : — 

Silica,  Si  O2   42-010  per  cent. 

Alumina,  AI2  O3,       ....  26-360 

Sulphur,  S,   9-235  „ 

Sulphur  trioxide,  S  O3,     .       .       .  3-140 


RED  ULTRAMARINE. — Zeltner  prepares  the  red  ultra- 
marine by  exposing  the  blue  variety  at  a  temperature  of  130°  to 
150°  0.  to  the  action  of  the  vapours  of  nitric  acid,  when  he 
obtains  deep  or  dark  red,  or  light  rose  or  pink  shades,  according 
as  the  acid  vapours  are  dilute  or  strong.  Hoffmann  prepares  the 
red  ultramarine  by  passing  dry  hydrochloric  acid  gas  over  either 
the  blue  or  violet  varieties  until  the  proper  colour  is  developed, 
when  the  mass  is  washed  and  dried. 

OTHER  ULTRAMARINES.— By  using  boracic  acid  instead 
of  silica  a  boron  ultramarine  of  a  blue  colour  is  obtained.  Yellow 
ultramarine  is  made  by  heating  the  blue  ultramarine  with  a 
solution  of  silver  nitrate,  in  sealed  tubes,  at  a  temperature  of 
120°  C.  for  15  hours;  the  sodium  is  replaced  by  silver,  and  the 
new  pigment  contains  46*5  per  cent,  of  silver. 

The  blue  ultramarine  heated  with  silver  chloride  turns  green, 
taking  up  silver  in  the  process.  The  yellow  silver  ultramarine 
heated  with  sodium  chloride  loses  some  of  its  silver,  turning 
green  ;  if  the  sodium  chloride  is  replaced  by  potassium  chloride  a 
hluish-green  potassium  ultramarine  is  formed.  If  barium  chloride 
is  used  a  yellowish-brown  barium  ultramarine  is  obtained ;  in  the 
same  way  zinc  chloride  yields  a  violet  zinc  ultramarine,  and 


Soda,  Na2  0, 
Water,  H2  O, 
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magnesium  chloride  a  grey  ultramarine.  None  of  these  products 
have  any  technical  value. 

The  sulphur  can  be  replaced  by  selenium,  when  brown  and 
purple  ultramarines  are  obtained. 

PRUSSIAN  BLUE. 

Prussian  blue,  or  Berlin  blue,  or  Chinese  blue,  is,  next  to 
ultramarine,  the  most  valuable  blue  pigment  in  use  for  painting 
and  other  purposes  for  which  pigments  are  used.  It  was  dis- 
covered in  the  early  part  of  the  last  century  (about  1704)  by  a 
Berlin  colour-maker,  named  Diesbach,  by  accident,  as  many  such 
discoveries  have  been  made.  Diesbach  was  making  Florentine 
lake,  and  for  this  purpose  he  used  a  solution  of  cochineal,  which 
he  mixed  with  alum  and  copperas  (ferrous  sulphate)  and  pre- 
cipitated with  an  alkali ;  in  the  particular  instance  which  led  to 
the  discovery  of  Prussian  blue  he  used  an  alkaline  solution 
(which  had  been  used  to  purify  some  Dippel's  oil  made  by  dis- 
tilling ox  blood),  and  instead  of  getting  a  red  lake  he  got  a  blue. 
Diesbach  followed  up  this  discovery  and  found  that  the  blue 
could  be  got  by  calcining  blood  with  alkali,  and,  after  lixiviating 
the  mass,  precipitating  the  liquor  with  a  solution  of  copperas. 

The  technical  manufacture  of  this  pigment  was  further  de- 
veloped by  a  London  colour-maker,  named  Wilkinson,  from 
whom  the  colour  was  named  "Wilkinson's  blue,"  a  name  which 
is  now  obsolete.  Wilkinson  prepared  the  colour  by  first  de- 
flagrating a  mixture  of  tartar  and  saltpetre,  and  calcining  the 
residue  with  dried  blood  ;  the  fused  mass  was  lixiviated  with 
water,  and  to  the  lye  so  obtained  a  solution  of  alum  and  copperas 
was  added ;  the  resulting  pale  blue  precipitate  was  treated  with 
hydrochloric  acid  to  develop  the  blue. 

Since  the  time  of  Diesbach  and  Wilkinson  the  composition  of 
Prussian  blue  has  been  the  subject  of  numerous  researches  by 
chemists,  so  that  very  little  remains  to  be  learnt  as  to  the  com- 
position and  constitution  of  this  blue. 

Prussian  blue  is  a  compound  of  iron,  carbon,  and  nitrogen  ; 
the  carbon  and  nitrogen  are  combined  together  in  the  form  of  the 
radicle  cyanogen,  C  'N,  which  is  the  characteristic  element  of  a 
group  of  compounds,  of  which  Prussian  blue  is  a  member,  known 
as  cyanides.  The  iron  exists  in  the  blue  in  two  forms ;  one  in 
combination  with  the  cyanogen  in  an  acid  condition,  the  other  in 
the  basic  condition.  When  Prussian  blue  is  boiled  with  a 
solution  of  potash  it  yields  oxide  of  iron  (which  remains  as  an 
insoluble  red  mass),  and  a  yellow  solution,  which,  on  being 
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allowed  to  crystallise,  deposits  yellow  tabular  crystals  of  a  com- 
pound of  potassium,  iron,  carbon,  and  nitrogen,  originally  known 
as  yellow  prussiate  of  potash ;  the  iron  in  this  exists  in  com- 
bination with  the  carbon  and  nitrogen  in  an  acid  state,  forming 
the  radicle  known  as  ferrocyanogen,  Fe  Cq  'Nq.  The  chemical 
name  of  the  yellow  prussiate  of  potash  is  potassium  ferrocyanide, 
Fe  Cg  ISTg.  Besides  the  yellow  prussiate  there  is  another,  the 
red  prussiate  or  potassium  ferricyanide.  Kg  Fe  Og  Ng.  These  two 
compounds  differ  from  one  another  in  their  colour  and  in  the 
reactions  which  they  give  with  iron  salts.  With  ferrous  salts  the 
ferrocyanide  gives  a  bluish-white  precipitate  of  ferrous  ferro- 
cyanide ;  while  with  ferric  salts  a  deep  blue  (Prussian  blue)  pre- 
cipitate of  ferric  ferrocyanide  is  obtained.  With  ferrous  salts 
the  ferricyanide  gives  a  deep  blue  precipitate  of  ferrous  ferri- 
cyanide (TurnbulFs  blue) ;  with  ferric  salts  no  precipitate  is 
obtained,  but  the  colour  of  the  solution  becomes  a  little  darker. 
The  production  of  Prussian  blue  is  a  most  characteristic  reaction 
of  iron,  no  other  metal  is  capable  of  producing  it,  and  very 
minute  traces  of  iron  in  a  solution  can  be  detected  by  adding  a 
few  drops  of  a  solution  of  potassium  ferrocyanide. 

It  has  been  ascertained  by  various  observers  that  the  precipi- 
tates obtained  by  adding  solutions  of  the  prussiates  to  solutions 
of  iron  salts  contain  potassium  as  an  essential  part  of  their 
composition,  and  it  is  difficult,  although  possible,  to  rid  them 
of  this  potassium.  Thus  the  bluish-white  precipitate  is  really 
potassium  ferrous  ferrocyanide.  Kg  Fe  Fe  Cq  Ng  ;  Prussian  blue 
is  potassium  ferric  ferrocyanide,  K2  Fe2  2  Fe  Cg  JSTg ;  TurnbulFs 
blue  is  potassium  ferro-ferricyanide,  K  Fe  Fe  Cg  Ng. 

Prussian  blue  and  TurnbulFs  blue  have  exactly  the  same 
composition,  but  their  constitution  is  different ;  the  one  being 
a  ferrocyanide  and  the  other  a  ferricyanide.  Skraup,"^  Reindel,t 
Kekule,!  and  other  authorities  consider  that  they  are  identical; 
but  that  they  are  different  is  proved  by  the  fact  that  when  the 
alkali  is  eliminated  from  them  the  residual  blues  are  of  different 
composition,  Prussian  blue  having  the  composition  Fe^  C^g  K^g, 
and  TurnbulFs  blue  the  composition  Fog  C^g  N^^g  §  ^  ^^^^ 
shade  of  the  two  blues  is  different,  Prussian  blue  is  a  greenish- 
blue,  while  TurnbulFs  blue  is  a  violet-blue. 

COMMERCIAL  PRUSSIAN  BLUE.  —  In  commerce 
several  varieties  of  Prussian  blue  are  sold  under  the  names  of— 

*  Skranp,  Liehig^s  Annalen,  clxxi.,  p.  371. 

tReindel,  Jour.  Prak,  Chemie,  cii.,  p.  38. 

^Kekule,  Lehrhuch.  Organ.  Ghem. 

§WiniamsoD,  Mem.  Sac.  CAem.,  iii.,  p.  125;  Reynolds,  Jour.  Chem.  Soc, 
p.  644.    See  also  E.  J.  Parry  on    Composition  of  Commercial  Prussian 
Blues,"  Analyst,  September,  1896. 
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1,  Chinese  bine ;  2,  Prussian  blue;  3,  soluble  blue;  4,  Antwerp 
blue  ;  5,  Brunswick  blue,  and  others  of  less  importance.  There 
are  several  synonyms,  such  as  Berlin  blue  and  Paris  blue. 
TurnbuU's  blue  is  a  name  rarely  met  with  now.  No  special 
distinction  is  made  between  a  blue  obtained  from  the  red  prus- 
siate  or  a  blue  obtained  from  the  yellow  prussiate  of  potash. 

CHINESE  BLUE. — This  is  the  name  given  to  the  best  quali- 
ties of  Prussian  blue,  and  in  the  manufacture  of  which  every  care 
is  taken  to  obtain  a  product  of  good  colour.  Chinese  blue  is 
especially  characterised  by  being  in  pieces  or  powder  having  a 
fine  bronze  lustre,  the  pieces  break  with  a  peculiar  conchoidal 
fracture,  and  the  fractured  surfaces  show  the  lustre  or  bloom  ; 
it  is  completely  soluble  in  oxalic  acid.  Chinese  blue  is  largely 
used  by  calico-printers  and  dyers.  It  is  a  blue  of  a  greenish 
shade. 

Chinese  blue  is  made  as  follows  : — 1  cwt.  of  ferrous  sulphate 
(green  copperas),  as  free  from  insoluble  oxide  as  possible,  is 
dissolved  in  cold  water,  and  to  it  is  added  10  lbs.  of  sulphuric 
acid.  This  solution  must  be  made  as  required,  as  it  soon 
begins  to  oxidise,  and  to  deposit  oxide  of  iron,  while  the 
liquor  will  then  not  make  good  Chinese  blue.  One  cwt.  of 
yellow  prussiate  of  potash  is  dissolved  in  water. 

The  solutions  should  be  made  as  dilute  as  possible,  not  less 
than  30  to  35  gallons  of  water  for  each  cwt.  of  material ;  even 
weaker  solutions  are  preferable,  as  these  yield  finer  precipitates 
than  strong  solutions,  and  so  facilitate  the  production  of  the 
lustre  on  the  finished  blue. 

On  mixing  the  solutions  a  bluish-white  precipitate  is  obtained, 
which  is  allowed  to  settle,  and  the  clear  liquor  poured  off ;  to 
the  residual  blue  is  added — first,  a  thin  cream  of  20  lbs.  of 
bleaching  powder  with  water,  which  is  thoroughly  mixed  with 
the  precipitate,  and  then  some  hydrochloric  acid,  and  the  blue 
colour  gradually  develops.  It  is  allowed  to  settle,  the  top  liquor 
run  ofif,  and  the  blue  well  washed  with  water,  and  drained  on  a 
filter;  the  wet  mass  is  then  pressed  into  drying-pans,  and  slowly 
dried  in  the  dark,  at  a  temperature  not  exceeding  120°  to  130°  F. 

It  is  important  that  the  oxidation  of  the  precipitate  first 
obtained  be  done  by  purely  chemical  means,  and  not  by  the 
agency  of  the  oxygen  of  the  air;  in  the  former  case  a  pure  blue 
colour  is  obtained,  while  in  the  latter  case  oxide  of  iron  is 
mixed  with  the  blue,  and  materially  influences  the-  tint  of  the 
pigment.  The  best  oxidiser  and  the  cheapest  is  bleaching 
powder ;  nitric  acid  may  be  used,  but  it  is  more  costly  and  not 
more  efficient  than  bleaching  powder.    It  will  be  found  best  to 
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add  the  oxidiser  in  small  quantities,  as  when  used  all  at  once 
there  is  generally  an  escape  of  chlorine,  owing  to  this  body  being 
evolved  rather  more  rapidly  than  the  blue  can  take  it  up,  Avhich 
not  only  increases  the  cost  of  production,  but  also  deleteriously 
affects  the  workmen's  lungs..  No  23art  of  the  blue  should  be 
allowed  to  come  in  contact  with  the  atmosphere  before  it  is  fully 
oxidised.  The  slower  the  colour  is  dried,  the  better  and  finer  is 
the  lustre  of  the  finished  product. 

Instead  of  adding  the  bleaching  powder  after  precipitating,  it 
may  be  added  to  the  iron  solution  to  oxidise  that  to  the  ferric 
condition ;  the  blue  obtained  is  not  of  so  green  a  tint,  being,  if 
anything,  a  little  more  violet.* 

If  a  blue  with  a  violet  tint  is  required  it  may  be  made  by 
dissolving  1  cwt.  of  copperas  in  water  and  adding  first  10  lbs.  of 
sulphuric  acid,  and  then  a  solution  of  1  cwt.  of  the  red  prussiate 
of  potash.  The  precipitate  is  collected,  washed  with  water,  and 
dried  as  before. 

Chinese  blue  is  mostly  sold  in  the  form  of  small  cubical  lumps, 
about  1  to  2  inches  in  diameter,  but  it  is  also  sold  in  the  form  of 
fine  powder.  In  grinding  the  blue  great  precaution  is  required 
to  exclude  particles  of  iron,  as  the  production  of  a  spark  will 
ignite  the  dry  powdered  Chinese  or  Prussian  blue  and  reduce  it 
to  a  mass  of  red  oxide  of  iron.  A  sample  of  Chinese  blue 
examined  by  the  author  had  the  following  composition  : — 

Water,  .....       4'487  per  cent. 
Oxide  of  iron,  .  .  .  .52  '055       , , 

Cyanogen,       .  •  .  .      43 '508 

100-000 

PRUSSIAN  BLUE. — The  commoner  makes  of  blue  are  sold 
under  the  names  of  Prussian  blue,  Berlin  blue,  paste  blue,  &c., 
in  two  forms,  dry  and  pulp  or  paste.  Some  makes  of  these  blues 
have  a  green  shade,  and  others  a  violet  shade  or  tint,  owing  to 
slight  differences  in  the  method  of  making. 

Green-tint  Blues. — There  are  several  ways  of  making  these 
blues.  1.  Dissolving  1  cwt.  each  of  yellow  prussiate  of  potash 
and  copperas  in  about  50  gallons  of  water,  mixing  the  two  solu- 
tions, allowing  to  settle,  pouring  off  the  clear  top-liquor,  washing 
the  colour  with  water,  then  throwing  it  on  to  the  filter  and  allow- 
ing it  to  be  exposed  to  the  air  until  it  has  acquired  the  desired 
blue  ;  to  facilitate  this  the  blue  should  be  turned  over  from  time 
to  time  so  as  to  expose  fresh  surfaces  to  the  action  of  the  air. 

*  A  very  fine  and  bronzy  Chinese  blue  can  be  thus  made  :  —  Dissolve 
33  lbs.  of  copperas  and  20  lbs.  of  sulphuric  acid  in  sufficient  water ;  add 
(1)  a  solution  of  29  lbs.  of  potassium  ferrocyanide,  (2)  a  boiling  solution  of 
4  lbs.  of  chromic  acid ;  heat  the  mixture  to  the  boil,  filter  off  the  blue, 
wash  it  well,  and  dry  slowly 
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This  method  is  not  a  good  one  as  it  leads  to  the  production  of 
oxide  of  iron  in  the  colour,  which  affects  the  shade  of  the  colour; 
it  may  be  got  rid  of  by  treating  the  wet  colour  with  hydrochloric 
acid,  but  this  adds  to  the  expense  of  making. 

2.  The  blue  is  precipitated  as  before,  but  the  colour  is  de- 
veloped by  adding  bleaching  powder.  This  process  is  identical 
with  that  used  in  making  Chinese  blue,  but  is  less  carefully 
carried  out. 

3.  One  cwt.  of  copperas,  20  lbs.  of  alum,  and  10  lbs.  of  sulphuric 
acid  are  dissolved  in  water  and  a  solution  of  1  cwt.  of  yellow  prus- 
siate  of  potash  added;  the  mixed  solutions  are  allowed  to  stand  for 
2  or  3  hours,  when  they  are  finished  as  in  No.  1.  The  addition  of 
alum  makes  the  shade  of  blue  lighter  and,  when  dry,  much  easier 
to  grind ;  the  proportion  ol  alum  added  varies  with  different 
makers;  at  one  time  comparatively  large  quantities  were  added, 
but  the  tendency  has  been  of  late  years  to  reduce  the  proportion. 
When  a  solution  of  yellow  prussiate  is  added  to  one  of  alum 
there  is  no  immediate  precipitate,  but  on  standing  for  about  an 
hour  a  bluish-white  precipitate  falls  down,  the  nature  of  which 
is  somewhat  uncertain. 

In  the  early  days  of  Prussian-blue  making  blue-makers  usually 
made  their  own  prussiate,  which,  owing  to  the  rough  mode  of 
preparation,  yielded  liquors  containing  a  good  many  impurities, 
such  as  cyanides,  sulphides,  carbonates,  and  other  salts  of  iron. 
The  use  of  this  crude  liquor  necessitated  the  use  of  much  acid  to 
prevent  them  from  precipitating  the  iron  in  other  forms  than 
Prussian  blue ;  as  the  makers  objected  to  the  use  of  much  acid 
they  added  alum  instead,  but,  as  a  result,  they  got  a  paler  blue. 
Blue  makers  rarely  use  such  crude  leys  now,  as  the  refined 
crystal  prussiate  is  cheap  and  makes  better  blues  with  less  trouble. 

Violet-tint  Blues. — These  are  sometimes  known  as  Paris  blue. 
They  are  made  by  dissolving  1  cwt.  each  of  the  red  prussiate  of 
potash  and  copperas  in  water,  adding  the  two  solutions  together, 
allowing  the  precipitated  blue  to  settle,  pouring  off  the  top- 
liquor,  washing  the  residue  with  water,  filtering,  and  drying  the 
blue. 

When  sold  as  pulp  blues  or  paste  blues  the  blue  is  simply 
allowed  to  drain  on  the  filter  and  not  dried ;  such  pulp  colours 
contain  from  25  to  30  per  cent,  of  dry  colour,  as  a  general  rule, 
although  as  little  as  1 7  per  cent,  has  been  found  in  some  makes ; 
such  pulp  colours  should  always  be  bought  under  a  guarantee  of 
the  quantity  of  actual  dry  colour  they  contain. 

SOLUBLE  BLUE. — While  Chinese  and  Prussian  blues  are 
ordinarily  insoluble  in  water  and  acids,  yet  a  variety  of  the  blue 
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can  be  made  which  is  soluble  in  water  ;  so  far  as  chemical 
composition  is  concerned  this  soluble  blue  does  not  differ  from 
the  insoluble  varieties.  Many  recipes  have  been  published  for 
its  preparation,  of  which  the  following  are  the  principal : — 

1.  Prepare  a  solution  of  100  lbs.  of  perchloride  of  iron  and 
10  lbs.  of  Glauber's  salt.  A  solution  of  217  lbs.  of  yellow 
prussiate  of  potash  and  10  lbs.  of  Glauber's  salt  is  also  prepared. 
The  iron  solution  is  poured  into  the  prussiate  solution,  whereby 
a  blue  precipitate  is  obtained ;  this  is  collected  on  a  filter  and 
washed  with  water  until  the  wash-waters  are  tinged  with  blue ; 
it  is  then  dried.  In  making  soluble  blue  in  this  way  it  is 
important  to  pour  the  iron  solution  into  the  potash  solution, 
and  to  keep  the  latter  in  excess.  The  object  of  adding  the 
Glauber's  salts  is  to  ensure  the  complete  precipitation  of  the  blue 
by  taking  advantage  of  the  fact  that,  while  soluble  in  water,  it 
is  not  soluble  in  saline  solutions,  so  that  by  having  the  liquor 
saline  there  is  a  more  complete  precipitation  of  the  blue. 

2.  Dissolve  72  lbs.  of  copperas  in  hot  water,  and  pour  this 
solution  into  a  hot  solution  of  110  lbs.  of  red  prussiate  of  potash, 
and  boil  the  mixture  for  two  hours,  filter,  wash  until  the  wash- 
waters  have  a  blue  colour,  then  dry  the  residual  blue. 

3.  Take  100  lbs.  of  Prussian  blue,  mix  well  with  about 
100  gallons  of  water,  and  add  30  lbs.  of  yellow  prussiate  of 
potash,  boil  well  for  3  to  4  hours,  drain  on  a  filter,  wash  as 
before,  and  dry. 

4.  Dissolve  separately  in  water  100  lbs.  of  yellow  prussiate  of 
potash,  and  80  lbs.  of  copperas,  add  the  two  solutions  together, 
and  boil  for  1  hour;  then  add  20  lbs.  of  nitric  acid  and  10  lbs. 
of  sulphuric  acid,  and  boil  1  hour  longer ;  then  filter,  wash,  and 
dry  as  before. 

Soluble  blue  is  not  made  on  so  large  a  scale  now  as  formerly. 
It  is  used  mostly  for  making  blue  ink  and  for  painting  velvets, 
for  which  purposes  it  has  been  replaced  by  the  aniline  blues. 

ANTWERP  BLUE.— This  blue  has  practically  gone  out  of 
use,  its  place  having  been  taken  by  the  Brunswick  blue  described 
below.  Antwerp  blue  is  made  as  follows  : — 20  lbs.  of  copperas, 
10  lbs.  of  alum,  and  10  lbs.  of  zinc  sulphate  are  dissolved  in  50 
to  60  gallons  of  water,  and  to  this  solution  is  added  one  of 
40  lbs.  of  the  red  or  yellow  prussiate  of  potash,  dissolved  in  50 
to  60  gallons  of  water.    The  blue  is  finished  in  the  ordinary  way. 

Antwerp  blue  is  paler  in  colour  than  Prussian  blue,  and  is 
probably  a  mixture  of  the  ferrocyanides  of  iron,  zinc,  and 
alumina.  Its  properties  are  almost  identical  with  those  of 
Prussian  blue, 
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BRUNSWICK  BLUE.— Brunswick  blue  is  a  pigment  of  quite 
a  recent  origin,  but  it  is  now  very  largely  made  and  used  by 
painters.  Essentially  it  is  a  mixture  of  Prussian  blue  and 
barytes,  although  some  makers  add  other  ingredients,  as  will  be 
noted  below. 

It  is  made  in  several  shades — deep,  medium,  and  pale.  The 
deep  shade  is  made  by  thoroughly  mixing  1  cwt.  of  barytes  with 
50  to  60  gallons  of  water,  adding  a  solution  of  5  lbs.  of  copperas, 
then  a  solution  of  5  lbs.  of  either  the  red  or  yellow  prussiate  of 
potash,  taking  care  that  the  mass  be  kept  well  stirred  during  the 
whole  time  of  mixing,  so  as  to  ensure  the  thorough  incorporation 
of  the  barytes  with  the  blue.  After  filtering,  washing,  and 
drying  the  blue  is  ready  for  use.  For  a  medium  shade  the  same 
quantity  of  barytes  is  used,  but  only  3  lbs.  of  each  of  the  other 
ingredients.  The  pale  shade  is  made  with  1  lb.  of  the  iron  and 
potash  salts  to  1  cwt.  of  barytes.  Some  makers  add  a  little 
ultramarine  to  the  blue. 

Instead  of  barytes  gypsum  may  be  used,  in  which  case  the 
quantities  of  iron  and  potash  salts  must  be  increased  by  one-half, 
while  china  clay  requires  double  the  quantities  to  give  blues  of 
equal  depth  of  colour. 

A  sample  of  Brunswick  blue  analysed  by  the  author  had  the 
following  composition  : — 

Water,   '275  per  cent. 

Alumina,  AI2  O3,       ....  2*450 

Ferric  oxide,  Fe2  O3,  .       .       ,       .  3*310  ,, 

Barytes  and  silica,     ....  89 '860 

Cyanogen  and  sulphur,      .       ,       ,  4*105  „ 

100*000 

This  sample  contained  both  Prussian  blue  and  ultramarine,  in 
the  proportion  of  about  7  per  cent,  of  the  former  and  5  per  cent, 
of  the  latter. 

Brunswick  blue  is  a  very  good  pigment,  is  permanent,  and  not 
readily  affected  by  exposure  to  air,  light,  &c.  It  is  subject  to 
one  defect,  viz.,  that  when  mixed  with  oil  and  turps  into  a  paint 
the  white  portion  is  apt,  on  standing,  to  settle  down,  leaving  the 
blue  suspended  in  the  liquid  ;  thus,  in  common  parlance,  the  blue 
comes  to  the  top  ;  this  is  easily  remedied  by  giving  the  paint  a 
stir  before  using. 

PBOPERTIES  or  PRUSSIAN  BLUES.— Prussian  blues 
are  characterised  by  their  deep  greenish-blue  tint ;  there  is  no 
other  blue  of  the  same  depth  of  colour  or  ol  the  same  shade  or 
tint.  When  dry,  they  have  a  bronzy  appearance,  which  is 
greatest  when  the  blue  is  pure,  and  is  specially  characteristic  of 
the  variety  known  as  Chinese  blue. 
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They  are  very  hard  and  exceedingly  difficult  to  grind,  and  for 
Prussian  blue  to  develop  its  full  colouring  powers  it  is  essential 
that  it  be  ground  as  fine  as  possible ;  it  is  partly  on  account  of 
this  difficulty  of  grinding  that  Brunswick  blue  has  come  so  largely 
into  use,  as  painters  are  saved  the  trouble  of  grinding. 

Prussian  blue  is  insoluble  in  dilute  acids  and,  usually,  in  strong 
hydrochloric  acid  (see  below)  ;  boiling  with  nitric  acid  turns  it  of 
a  greenish  shade ;  while  when  boiled  with  strong  sulphuric  acid 
it  is  decomposed,  sulf)hate  of  iron  being  formed,  and  hydrochloric 
acid,  &c.,  evolved.  Some  samples  are  insoluble  in  strong  hydro- 
chloric acid,  others  are  soluble ;  much  depends  upon  the  process 
used  in  making  and  also  upon  the  age  of  the  sample ;  keeping 
seems  to  bring  about  some  changes  in  the  blue,  whereby  it  is  less 
easily  soluble  in  the  various  agents  which  dissolve  freshly- 
prepared  blue  readily  enough. 

Oxalic  acid  dissolves  Prussian  blue  very  readily ;  one  part  of 
oxalic  acid  will  dissolve  8  to  10  parts  of  blue;  such  solutions  have 
been  used  to  make  blue  inks,  but  since  the  aniline  colours  came 
into  commerce  the  use  of  Prussian  blue  for  ink-making  has 
decreased.  By  digesting  the  ordinary  Prussian  blue  with  a  satu- 
rated solution  of  oxalic  acid  at  the  ordinary  temperature,  it  is 
slowly  converted  into  the  soluble  variety;  on  the  other  hand,  if 
a  solution  in  oxalic  acid  is  boiled,  the  blue  is  gradually  precipi- 
tated in  the  ordinary  form  ;  the  same  result  can  be  brought  about 
by  the  addition  of  sulphuric  acid.* 

The  most  characteristic  reaction  of  Prussian  blue,  which  serves 
to  distinguish  it  from  other  blues,  is  that  when  treated  with  any 
alkali,  such  as  soda,  potash,  ammonia,  or  lime,  it  is  decomposed 
into  a  ferrocyanide  of  the  alkali  and  oxide  of  iron,  the  last  being 
left  behind  as  an> insoluble  residue  having  a  red-brown  colour, 
while  the  former  passes  into  solution.  Addition  of  acid  in 
sufficient  amount  restores  the  blue  colour,  provided  the  ferro- 
cyanide of  the  alkali  formed  has  not  been  washed  away.  The 
Prussian  blues  and  the  pigments  containing  it  cannot  be  used 
with  alkaline  vehicles,  such  as  lime,  whiting,  silicate  of  soda,  or 
silicate  of  potash,  as  the  blue  would  thereby  be  changed  to  red. 

As  a  pigment  Prussian  blue  is  quite  permanent  and  resists 
exposure  to  air,  light,  and  most  of  the  other  atmospheric  in- 
fluences which  act  on  pigments ;  it  has,  however,  one  curious 
property  when  used  as  a  water  colour,  that  of  fading  a  little  on 

*  Oxalate  of  potash  is  also  a  good  solvent  for  Prussian  blues  and  is  often 
used  for  the  purpose,  1  part  of  the  salt  being  used  for  6  to  8  parts  of  the 
dry  blue.  As  stated  above  (p.  221)  soluble  blue  is  frequently  made  by- 
dissolving  Prussian  blue  in  solutions  of  potassium  ferrocyanide,  I  part  of 
which  will  dissolve  from  4  to  5  parts  of  blue.  Of  all  solvents  of  Prussian 
blue  oxalic  acid  is  the  most  effective  and  the  cheapest, 
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exposure  to  light  and  of  recovering  its  original  intensity  of 
colour  in  the  absence  of  light. 

Its  colouring  powers  are  very  great,  being  by  far  the  best  of 
all  the  blues  in  this  respect ;  |  oz.  will  tint  20  lbs.  white  lead  a 
perceptible  blue.  It  is  rather  a  transparent  colour,  so  that  its 
covering  power  is  not  great. 

Heat  decomposes  it;  the  cyanogen  it  contains  burns  off  as 
carbonic  acid  and  nitrogen,  while  a  blackish-brown  or  reddish- 
brown  residue  is  left  behind,  according  to  the  temperature  to 
which  it  is  exposed;  a  low  temperature  does  not  completely 
decompose  it,  and  so  a  blackish-brown  residue,  consisting  of  a 
mixture  of  oxide  of  iron  and  carbon,  is  left  behind;  on  the  other 
hand,  a  high  temperature  causes  all  the  carbon  to  be  burnt  off 
and  a  reddish-brown  residue  of  ferric  oxide  to  be  left  behind.  In 
some  cases  this  last  residue  may  be  a  mixture  of  the  two  oxides 
of  iron,  ferrous  and  ferric,  or  it  may  be  a  mixture  of  ferric  oxide 
and  metallic  iron;  the  result  depends  upon  the  conditions  under 
which  blue  is  heated  and  its  purity.  The  proportion  of  residue 
left  depends  upon  the  state  of  dryness  of  the  blue,  the  process 
used  in  making  it,  and  its  purity;  good  qualities  leave  from  40  to 
50  per  cent,  of  residue. 

Prussian  blues  can  be  mixed  with  nearly  all  other  pigments 
without  being  affected  or  changed  by  them  or  affecting  them  in 
any  way;  the  only  exceptions  are  the  few  pigments  of  an  alkaline 
character  which  destroy  Prussian  blue  in  the  manner  above 
described. 

ASSAY  AND  AlifALYSIS  OP  PRUSSIAN  BLUES.— 

Prussian  blues  can  be  assayed  for  colouring  power  and  tint  by 
the  usual  methods.  The  paste  blues  should  be  assayed  for  the 
amount  of  actual  colour  they  contain  by  taking  a  known  weight 
and  heating  in  a  drying  oven  at  from  120°  toj[30°  F.  for  some 
hours ;  the  loss  in  weight  represents  the  amount  of  water  present, 
and  the  difference  is  the  amount  of  solid  matter  or  dry  colour. 

An  analysis  of  Prussian  blues  is  rarely  required.  When 
required,  the  blue  should  be  boiled  with  ammonia  until  the  blue 
colour  is  completely  decomposed ;  filter  off  the  residue ;  the  filtrate 
contains  ammonium  ferrocyanide  and  any  zinc  and  magnesia 
which  may  be  present.  The  two  latter  bodies  can  be  tested  for 
by  the  usual  methods.  The  residue  should  be  thoroughly  well 
washed  with  water  to  free  it  from  all  traces  of  alkali;  after  which, 
it  is  treated  with  hydrochloric  acid,  when,  if  pure,  it  will  all 
dissolve;  if  there  is  a  white  residue  it  may  be  barytes  or  gypsum 
or  china  clay,  which  may  be  detected  by  the  application  of 
special  tests.  The  solution  will  contain  iron  and  alumina,  and 
may  be  examined  for  these  by  the  usual  chemical  methods. 

If  the  amount  of  Prussian  blue  in  Brunswick  blues  (or  other 
blues  made  by  diluting  Prussian  blue  with  a  white  pigment)  is 
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required,  a  known  weight  of  the  sample  should  be  boiled  in 
caustic  soda  until  the  blue  is  completely  decomposed;  the  mixture 
is  then  filtered  and  the  brown  residue  well  washed  with  hot 
water  until  it  is  quite  free  from  alkali;  next  it  is  treated  with 
hydrochloric  acid  until  the  brown  oxide  of  iron  has  been  dissolved; 
lastly,  it  is  filtered,  and  to  the  filtrate  is  added  ammonia  in  slight 
excess;  the  precipitate  of  oxide  of  iron  thus  formed  is  filtered  off, 
washed  with  water,  dried,  and  burnt  in  a  crucible,  and  then 
weighed.  The  weight  of  the  oxide  of  iron  multiplied  by  2 '2 12 
gives  the  amount  of  Prussian  blue  in  the  sample  taken. 

To  detect  Prussian  blue  in  admixture  with  other  pigments  a 
portion  should  be  boiled  with  caustic  soda,  when  it  will  become 
brownish-red  or  change  in  shade,  according  to  the  character  of 
the  mixture  and  the  amount  of  Prussian  blue  present.  To 
further  confirm  the  presence  of  Prussian  blue  the  alkaline 
mixture  should  be  filtered  and  to  the  filtrate  as  much  hydro- 
chloric acid  be  added  as  will  neutralise  the  alkali  and  then  a 
little  ferric  chloride;  if  Prussian  blue  be  present,  a  blue  precipi- 
tate will  be  obtained. 

COBALT  BLUES. 

Cobalt  is  a  metal  characterised  by  the  fine  blue  colour  of  some 
of  its  compounds,  notably  those  with  alumina,  silica,  and  phos- 
phoric acid  ;  all  these  have  a  fine  violet-blue  tint,  and,  being  very 
insoluble  bodies  and  unafi'ected  by  most  destructive  agencies, 
they  have  been  used  to  a  greater  or  less  extent  as  pigments. 

There  are  two  commercial  forms  of  cobalt  blue.  The  one, 
smalts,  which  is  really  a  glass  coloured  by  cobalt,  was  largely 
used  before  it  gave  place  to  artificial  ultramarine.  The  other, 
known  as  cobalt  blue,  is  a  compound  of  cobalt,  alumina  and, 
occasionally,  phosphoric  acid ;  it  has  a  fine  pale  blue  tint  and  is 
mostly  used  by  artists. 

SMALTS. — Smalts  has  been  used  as  a  pigment  for  a  very  long 
period,  although,  of  late  years,  its  use  has  considerably  declined 
owing  to  its  tint  being  impaired  by  gas  light,  its  weak  colouring 
power,  and  its  great  inferiority  to  the  much  cheaper  artificial 
ultramarine. 

Manufacture  of  Smalts. — The  manufacture  of  smalts  takes 
place  in  three  stages — 1st,  the  preparation  and  roasting  of  the 
cobalt  ore ;  2nd,  the  preparation  of  the  blue  glass ;  3rd,  the 
grinding  and  levigation  of  the  glass  to  form  the  smalts. 

1st  Stage — Preparation^  d&c,  of  the  Ore. — The  ores  of  cobalt 
iPQst  used  in  the  preparation  of  smalts  are  three  in  number — viz., 
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cobalt  pyrites,  Co^  S3,  so  called  because  it  resembles  the  common 
iron  pyrites  in  appearance  ;  smaltine,  Co  Asg  ;  and  cobalt  glance, 
C02  AS2  Sg.  These  ores  rarely  occur  quite  pure,  but  are  mostly 
found  mixed  with  small  quantities  of  other  metals,  such  as  iron, 
nickel,  antimony,  bismuth,  and  with  earthy  impurities ;  these 
have  to  be  separated  before  the  ore  can  be  used  for  the  manu- 
facture of  smalts,  as  many  of  them  have  an  injurious  effect  on  the 
tint  of  the  finished  article.  This  removal  is  effected  in  two  ways— 
1st,  by  hand-picking  the  ore;  2nd,  by  roasting  the  picked  ore. 
The  ore  is  carefully  picked  over  by  hand  so  as  to  remove  the 
larger  impurities ;  the  picked  ore  is  next  ground  as  fine  as 
possible  under  edge-runners  or  stamps,  and  the  lighter  and  more 
earthy  particles  removed  by  levigation,  so  as  to  leave  a  washed 
ore  containing  a  large  proportion  of  cobalt.  This  washed  ore  is 
then  dried  and  placed  in  charges  of  about  3  to  5  cwts.  on  the 
hearth  of  a  reverberatory  furnace,  where  it  is  subjected  to  a 
slight  roasting  or  oxidation.  This  reverberatory  furnace  is  con- 
structed in  a  special  manner ;  the  cobalt  ores  used  contain  a  large 
amount  of  arsenic  which  is  converted  in  the  furnace  into  arsenious 
oxide.  This  oxide,  being  volatile,  passes  into  the  flues,  which 
are  arranged  in  long  spirals  round  the  furnace,  so  as  to  ensure 
its  complete  condensation,  and  thereby  prevent  any  of  this 
dangerous  ingredient  escaping  into  the  air.  The  flues  are  cleaned 
out  from  time  to  time,  for  which  purpose  doors  are  made  in  the 
sides  of  the  furnace  communicating  with  different  parts  of  the 
flue  as  shown  in  Fig.  22.  This  figure  is  a  plan  of  a  cobalt  ore 
roasting  furnace,  where  A  is  the  bed  or  hearth  of  the  furnace  ;  B 
the  fireplace ;  C,  0,  C,  C  are  the  various  parts  of  the  flue ; 
D,  D,  D,  D  are  doors  communicating  with  the  flue,  through  which 
the  flue  is  cleaned  out  when  required.  The  flue  is  only  partly 
shown,  as  it  winds  round  the  furnace  more  than  once. 

The  roasting  of  the  ore  in  this  furnace  causes  the  arsenic  to 
become  oxidised  to  arsenious  oxide,  Asg  O3,  which  is  so  completely 
volatilised  that  the  roasted  ore  rarely  contains  any  arsenic ;  the 
sulphur  in  the  ore  is  burnt  to  sulphur  dioxide,  S  Og,  which  passes 
into  the  chimney ;  while  the  metals  are  converted  into  oxides. 
This  roasted  ore  is  sold,  under  the  name  of  zaffre,  for  colouring 
glass  and  pottery.  For  smalts-making  it  is  found  best  not  to 
roast  the  ore  to  the  full  extent,  but  to  leave  a  little  of  the  arsenic 
and  sulphur  in  it ;  the  object  of  this  is  to  ensure  that  in  the  next 
stage  of  smalts-making,  all  the  impurities  are  removed.  Cobalt 
has  a  great  affinity  for  oxygen  and  but  little  for  arsenic  or  sul- 
phur ;  whereas  nickel  and  copper  have  great  affinity  for  these 
elements;  so  that  when  the  roasted  ore  is  melted  with  alkalies, 


SMALTS. 


227 


the  copper  and  nickel  with  the  iron,  sulphur  and  arsenic  combine 
together  and  form  what  is  called  a  speiss  or  regulus,  which  collects 
under  the  glass ;  when  bismuth  and  antimony  occur  in  the  ore, 
they  are  partly  liquated  out  before  the  actual  roasting,  and  the 
rest  passes  into  the  regulus. 

The  percentage  of  cobalt  in  the  roasted  ore  varies  so  con- 


Fig.  22. — Cobalt  ore  roasting  furnace. 


siderably  that  no  definite  instructions  for  smalts-making  can  be 
given  in  text-books;  the  quantities  of  materials  used  depend 
upon  the  strength  of  the  zaffre,  as  will  be  noted  below. 

2nd  Stage — Preparation  of  the  Blue  Glass. — The  roasted  ore  is 
now  mixed  with  silica  and  potash  and  melted  in  a  furnace,  when 
the  cobalt,  silica,  and  potash  combine  together  to  form  a  blue 
glass.  The  potash  used  must  be  of  the  best  quality  and  as  free 
from  impurities  as  possible;  soda,  in  particular,  should  be  avoided, 
as  its  influence  on  the  tint  is  bad;  iron  and  other  metals  should 
also  be  absent.  The  silica  is  used  in  the  form  of  quartz,  and  is 
purified  by  hand  picking,  so  as  to  have  it  as  free  as  possible  from 
lime,  alumina,  and  ferruginous  impurities,  as  these  cause  the 
tint  of  the  glass  to  be  very  dull.  The  quartz  is  ground  as  finely 
as  possible  under  edge-runners,  and  the  various  ingredients  are 
carefully  and  thoroughly  mixed  together  in  wooden  tubs,  the  use 
of  metal  being  avoided  for  fear  of  any  getting  among  the  mixture. 
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Sometimes  a  little  white  arsenic  is  added  so  as  to  ensure  that 
any  iron  which  may  be  in  the  mixture  shall  find  its  way  into 
the  regulus. 

The  proportions  of  zaffre,  silica,  and  potash  used  varies  accord- 
ing to  the  strength  of  the  zafFre  (which  is  the  actual  colouring 
agent)  and  to  the  depth  of  colour  required  in  the  finished  pro- 
duct; usually  the  amount  of  potash  is  kept  at  a  fixed  quantity — 
viz.,  one-third  the  total  weight  of  the  ore  and  quartz  combined. 
The  actual  proportions  used  are  always  determined  by  a  trial  on 
a  small  scale  with  every  fresh  batch  of  zafire,  and  from  the  depth 
of  colour  of  the  glass  thus  obtained  the  manufacturer  judges  as 
to  the  proportions  needed  on  the  large  scale  to  produce  the  shade 
of  smalts  required .  The  various  ingredients  are  carefully  weighed 
out  and  thoroughly  mixed  (as  noted  above);  too  much  care 
cannot  be  taken  on  this  point,  as  upon  it  depends  much  of  the 
success  of  the  operation. 

The  materials  are  now  placed  in  earthen  crucibles  made  of  as 
strongly  a  refractive  clay  as  can  be  obtained;  these  crucibles 
must  not  contain  any  lime.  They  are  usually  about  18  inches  in 
diameter  at  the  top  and  about  14  inches  at  the  bottom;  they  hold 
about  84  lbs.  of  material.    They  last  for  from  six  to  seven  months. 

The  furnace  in  which  these  pots  are  heated  is  similar  in  con- 
struction to  a  glass  furnace,  although  other  forms  may  be  used. 

A  German  smalts  furnace  is  shown  in  Fig.  23,  where  A  A  are 
two  of  the  pots,  and  B  an  opening  through  which  the  pots  are 
placed  in  the  furnace;  there  are  several  of  these  openings  placed 
round  the  furnace.  After  the  pots  have  been  placed  in  position 
the  openings  are  bricked  up,  a  hole  being  left  for  the  purpose  of 
removing  the  speiss,  the  glass,  &c.  These  openings  are  kept 
closed  up  during  the  time  the  melting  is  proceeding.  Above  the 
openings,  B,  are  small  ones  through  which  the  materials  in  the 
crucible  are  worked  and  through  which  the  blue  glass  is  removed 
at  the  end  of  the  operation.  E  is  the  fireplace.  F  F  are  flues  in 
the  roof  of  the  furnace  communicating  with  the  chimneys,  G  G. 

The  pots,  after  they  have  been  placed  in  the  furnace  and  all 
openings  (except  the  working  ones)  have  been  closed  up,  are 
charged  with  material  by  means  of  iron  ladles,  and  the  fire 
liorhted.  In  about  8  hours  the  material  besfins  to  fuse  or  melt ; 
it  is  then  thoroughly  stirred  and  the  temperature  raised  to  a 
white  heat,  when  the  glass  begins  to  form.  When  the  mass  has 
become  quite  homogeneous  (which  is  ascertained  by  taking  small 
samples  from  time  to  time  from  the  pots)  and  it  is  seen  that  the 
speiss  has  settled  out,  the  glass  is  ladled  out  into  cold  water  and 
the  speiss  drawn  ofl*  from  the  bottom  of  the  pots  by  the  holes 
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which  have  been  made  for  that  purpose;  after  which  the  pots  are 
re-charged  for  another  lot,  which  is  done  through  the  hole  at 
the  top  of  the  furnace-opening,  B.  The  object  of  throwing  the 
glass  into  cold  water  is  to  break  it  up  into  small  pieces  so  as  to 
facilitate  the  grinding. 

3rd  Stage — Grinding. — The  blue  glass  thus  obtained  is  in 
angular  fragments  of  about  an  inch  in  size,  which  are  ground 
and  levigated  to  form  the  smalts.  The  grinding  is  done  very 
thoroughly,  so  as  to  have  the  material  as  fine  as  possible.  In 
some  works  the  first  or  rough  grinding  is  done  under  stamps ; 
then  the  rough  material  is  further  ground  to  the  required  degree 


Fig.  23. — Smalts  furnace. 


of  fineness  under  edge-runners  with  water ;  or,  if  required,  the 
whole  grinding  may  be  done  with  a  set  of  edge-runner  mills. 
After  some  hours  grinding,  the  mass  of  ground  material  is  sent 
into  a  series  of  settling  tanks,  in  the  first  of  which  the  coarsest 
particles  settle,  but,  being  too  coarse  for  use,  these  are  sent 
through  the  edge-runners  again ;  in  the  next  tanks  the  smalts 
collects  ;  this  is  taken  out  of  the  tanks,  dried,  and  sent  into  the 
market.  The  fine  material  which  settles  out  in  the  last  tank  of 
the  series  is  usually  of  too  pale  a  colour  to  be  of  use,  and  the 
maker  generally  returns  it  to  the  crucible  to  be  remelted. 
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Five  tons  of  glass  yields  about  3  tons  of  smalts  ;  the  loss  of  2  tons 
is  partly  due  to  the  rejection  of  the  coarse  and  fine  material, 
which,  however,  is  not  actually  lost,  as  it  finds  its  way  back  in 
subsequent  lots ;  the  actual  loss  arises  from  some  of  the  material 
being  carried  away  in  the  wash-water,  partly  in  suspension  and 
partly  in  solution. 

COMPOSITION  AND  PROPERTIES  OF  SMALTS.— 
Smalts  is  a  pigment  of  a  violet-blue  shade  by  daylight  which 
changes  to  a  reddish-blue  by  gaslight ;  its  colouring  power  is 
very  weak,  and  hence  it  is  not  much  used.  The  greatest  con- 
sumers were  bleachers,  but  its  use  for  this  purpose  has  much 
declined  of  late  years.  The  tint  of  smalts  varies  from  time  to 
time,  somewhat  according  to  the  proportions  of  the  ingredients 
which  have  been  used  in  its  manufacture,  and  to  the  purpose  for 
which  it  is  used  ;  in  fineness  of  powder  it  also  varies  a  little,  and 
the  depth  of  colour  depends  largely  upon  this  feature ;  the  finer 
the  powder,  the  paler  the  shade  or  tint  of  the  smalts.  It  mixes 
with  both  oil  and  water,  but  in  neither  case  does  it  make  a  good 
pigment  for  water-  or  oil-painting. 

In  composition  it  is  essentially  a  cobalt  glass — a  double  silicate 
of  potash  and  cobalt,  with  a  few  minor  impurities ;  Rivot  gives 
the  following  analysis  of  a  sample  of  smalts  : — 


Silica,  Si  Og, 
Alumina,  AI2  O3,  . 
Ferric  oxide,  Fe2  O3, 
Cobalt  oxide,  Co  0, 
Calcium  oxide,  Ca  0, 
Potash,  Kg  O, 
Lead  oxide,  Pb  0, 


56*4  per  cent. 

3-5 

41 
16-0 

1-6 
13  2 

47 

99-5 


The  composition  of  smalts  varies  very  much,  especially  in  the 
amount  of  the  impurities. 

It  is  not  acted  upon  readily  by  acids  or  alkalies,  which  two 
points  differentiate  smalts  from  other  blues ;  by  these  and  its 
tint  it  can  be  readily  distinguished.  As  a  pigment  it  is  per- 
manent, perfectly  resisting  exposure  to  light,  air,  &c.  It  can  be 
mixed  with  all  other  pigments  without  affecting  them  or  being 
affected  by  them. 

Smalts  is  sold  in  a  variety  of  tints  and  qualities,  distinguished 
by  marks,  to  which  some  makers  attach  a  meaning,  such  as  FO, 
fine  colour;  FOB,  fine  colour  Bohemian;  FE,  fine  eschel;  MO, 
medium  colour;  00,  ordinary  colour,  &g.  These  marks  vary  with 
different  makers  and  represent  no  standard  in  quality  or  tint. 
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ASSAY  AND  ANALYSIS  OP  SMALTS. -Smalts  requires 
assaying  for  its  tint  or  colour,  colouring  power,  and  fineness  of 
powder. 

As  smalts  is  rarely,  if  ever,  adulterated,  an  analysis  is  rarely 
required,  either  qualitative  or  quantitative.  The  action  of  dilute 
acids  will  soon  show  whether  a  sample  of  smalts  has  been  adul- 
terated with  ultramarine  or  some  of  the  copper  blues,  while  the 
action  of  alkalies  will  soon  distinguish  the  addition  of  Prussian 
blue.    Smalts  is  absolutely  unaffected  by  these  two  reagents. 

Long  digestion  with  strong  hydrochloric  acid  decomposes  it, 
leaving  a  residue  of  gelatinous  silica  and  forming  a  solution  of 
the  chlorides  of  the  metals  it  contains. 

COBALT  BLUE. 

This  blue  is  much  used  by  artists  on  account  of  the  purity  of 
its  tint  and  its  permanency. 

PREPABATION  OF  COBALT  BLUE.— Cobalt  blue  is 
essentially  a  compound  of  the  oxides  of  cobalt  and  alumina; 
some  makers  add  phosphoric  acid  in  making  it;  there  is  some 
small  advantage  in  doing  so,  the  tint  being  a  little  finer. 

One  method  of  making  cobalt  blue  is  to  mix  together  solutions 
of  alum  and  cobalt  in  the  proportion  of  1  lb.  of  cobalt  nitrate  to 
12  lbs.  of  alum;  to  the  solution  of  these  two  bodies  sufficient 
carbonate  of  soda  is  added  to  completely  precipitate  them;  the 
precipitate  is  collected,  placed  in  a  crucible,  and  heated  to  a  red 
heat ;  when  the  blue  colour  has  properly  developed,  the  mass  is 
washed  with  water,  dried,  and  ground  up  for  use. 

The  best  method  of  making  it  is  to  dissolve  nitrate  of  cobalt  in 
water,  and  to  add  to  the  solution  sufficient  sodium  phosphate  to 
precipitate  all  the  cobalt  as  phosphate  of  cobalt ;  this  precipitate 
is  collected  on  a  filter,  and  well  washed  with  water.  A  solution 
of  alum  or  alumina  sulphate  is  precipitated  with  one  of  sodium 
carbonate,  the  precipitate  is  collected  and  washed  with  water. 
The  two  precipitates  are  now  mixed  together  in  the  proportion 
of  8  parts  of  the  alumina  to  1  of  the  cobalt  phosphate  precipitate, 
and  the  mixture  is  heated  to  a  bright  red  heat  in  a  crucible  for 
from  half  to  three-quarters  of  an  hour ;  when  the  blue  has  fully 
developed,  the  mass  is  ground  with  water  and  dried,  after  which 
it  is  ready  for  use. 

PROPEBTIES  AND  COMPOSITION  OF  COBALT 
BLUE. — Cobalt  blue  has  a  greenish-blue  tint,  which  is  very 
fine,  although  it  has  a  tendency  to  become  of  a  slightly  violet 
tint  under  the  infiuence  of  gaslight.     It  is  quite  permanent 
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when  exposed  to  light  and  air,  and  hence  is  largely  used  by 
artists,  especially  water-colour  artists,  as  it  works  better  in 
water  than  in  oil.  Cobalt  blue  can  be  mixed  with  all  other 
pigments  without  affecting  them  in  any  way,  or  being  altered 
itself ;  this  is  a  feature  of  some  considerable  importance.  It 
is  unaffected  by  treatment  with  either  acids  or  alkalies. 

It  is  a  compound  of  the  oxides  of  aluminium  and  cobalt,  with, 
occasionally,  some  phosphoric  acid.  The  following  analysis  of  a 
sample,  made  by  the  author,  will  serve  to  show  the  average 
composition  of  cobalt  blue  : — 

Water, 

Alumina,  AI2  O3, 
Cobalt  oxide,  Co  0,  , 
Alkaline  salts,  . 

100-000 

ASSAY  AND  ANALYSIS  OF  COBALT  BLUE.— Cobalt 
blue  is  rarely  subjected  to  any  tests  for  purity  or  other  pro- 
perties. Its  tint,  colouring  power,  &c.,  can  be  examined  by  the 
usual  methods.  Its  tint  and  unalterability  by  treatment  with 
alkalies  and  acids  serves  to  distinguish  cobalt  blue  from  other 
blues. 

By  strongly  heating  cobalt  blue  with  strong  sulphuric  acid  for 
some  time  it  is  decomposed,  a  violet  solution  and  a  white  powder 
being  obtained ;  on  diluting  with  water,  the  latter  dissolves,  and 
a  clear  blue  solution  is  obtained,  which  can  be  examined  by  the 
usual  methods  of  metal  analysis. 

Cobalt  blue  has  been  sold  under  a  variety  of  names,  such  as 
Gahn's  ultramarine,  Thenard's  blue,  cobalt  ultramarine,  azure 
blue,  &c. 

COPPER  BLUES. 

There  are  a  few  blue  pigments  which  owe  their  colour  to 
copper.  At  one  time  some  of  these  were  very  largely  used  for 
painting  of  all  kinds,  but  they  have  had  to  give  place  to  ultra- 
marine, which  is  at  once  a  more  powerful  colour  and  more 
permanent.  They  are  not  expensive  colours,  but  are  only  used 
now  to  a  very  limited  extent  by  artists,  and  scarcely,  if  at  all,  by 
house-painters.  The  copper  blues  are  known  under  a  variety  of 
names : — mountain  blue,  Bremen  blue,  lime  blue,  blue  verditer, 
&c.  All  these  blues  have  a  similar  composition  and  very  similar 
properties. 

MOUNTAIN  BLUE. — This  blue  pigment  (the  azurite  of 


3-075  per  cent. 
80-795  ,, 
15-132 
•998 
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mineralogists)  is  found  naturally,  and  is  essentially  a  basic 
carbonate  of  copper,  having  the  composition; — 

Copper  oxide,  Cu  0,     ....       69  2  per  cent. 
Carbonic  acid,  C  O2,     .       .       .       .       25"6  ,, 
Water,         .       .       .       ...        5  2  „ 

100  0 

which  corresponds  to  the  formula  2  Ou  0  O3  +  Ou  Og. 

For  use  as  a  pigment  the  mineral  is  ground  up  very  fine ;  it  is 
of  a  fine  tint  of  blue,  and  is  much  more  permanent  than  any  of 
the  other  copper  blues.    It  is  not  much  used  as  a  pigment. 

BREMEN  BLUE. — Bremen  blue  is  a  pigment  of  a  pale 
greenish-blue  tint  without  much  colouring  power ;  at  one  time 
it  was  made  on  a  large  scale,  but  is  now  replaced  by  ultramarine 
and  cobalt  blue,  so  that  now  it  is  only  made  on  a  limited  scale. 
There  are  several  ways  by  which  it  can  be  made. 

1.  125|  lbs.  of  common  salt  and  111  lbs.  of  copper  sulphate  are 
ground  together  into  a  paste,  with  water;  this  results  in  the 
formation  of  chloride  of  copper  and  sulphate  of  soda.  With  the 
paste  is  mixed  about  1  cwt.  of  clean  copper,  in  small  pieces 
about  1  cubic  inch  in  size.  All  these  are  thoroughly  mixed  to- 
gether and  kept  in  wooden  boxes  or  tubs ;  at  intervals  of  two  or 
three  days  the  mass  is  turned  over  with  a  wooden  spade,  so  as  to 
ensure  that  the  metal  and  the  paste  are  brought  into  intimate 
contact  with  one  another.  In  about  three  months  all  the  copper 
will  have  been  converted  into  a  green  basic  oxychloride  of 
copper,  which  was  at  one  time  sent  out  as  a  pigment  under  the 
name  of  Brunswick  green;  this  basic  oxychloride  is  insoluble  in 
water,  and,  after  it  has  been  formed,  the  mass  is  thrown  into 
tubs  and  thoroughly  washed  with  water,  by  which  means  all  the 
soluble  alkaline  compounds  are  washed  out.  The  green  is  now 
ready  for  being  converted  into  the  blue;  to  effect  this  the  green 
is  mixed  with  a  small  quantity  of  hydrochloric  acid  and  allowed 
to  stand  for  24  hours;  to  the  pasty  mass  is  then  added  about 
2|  times  its  volume  of  caustic  soda,  at  40°  Tw.,  which  is 
thoroughly  mixed  with  it;  and  then  the  mass  is  allowed  to  stand 
for  36  to  48  hours,  by  which  time  it  will  have  been  converted 
into  the  required  blue ;  it  is  now  thoroughly  washed  with  water 
to  free  it  from  soda,  and  dried,  when  it  is  ready  for  use. 

2.  50  lbs.  of  sulphate  of  copper  and  26  lbs.  of  common  salt  are 
dissolved  with  a  small  quantity  of  water,  heat  being  used  to 
facilitate  the  operation.  The  solution  is  gradually  poured  into  a 
solution  of  50  lbs.  of  soda  crystals,  when  a  precipitate  of  copper 
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carbonate  is  formed ;  on  allowing  this  to  stand  for  some  time 
it  is  gradually  changed  into  basic  chloride  of  copper,  and  as 
a  considerable  effervescence  occurs,  owing  to  the  liberation  of  car- 
bonic acid,  large  vessels  must  be  used.  After  being  washed,  the 
green  chloride  is  transformed  into  the  required  blue  by  the  same 
process  as  described  above. 

3.  A  cheap  method  of  making  Bremen  blue  consists  in  making 
a  solution  of  sulphate  of  copper,  to  which  is  added  a  solution  of 
chloride  of  calcium  or  of  chloride  of  barium  as  long  as  a  white 
precipitate  falls;  this  is  allowed  to  settle,  and  the  clear  blue 
liquor  obtained  is  mixed  with  a  quantity  of  freshly-prepared  milk 
of  lime  until  all  the  copper  has  been  precipitated.  This  is  known 
by  allowing  the  precipitate  to  settle  and  noting  the  colour  of  the 
liquor;  if  this  is  blue,  then  more  lime  is  required.  As  a  rule, 
20  lbs.  of  quicklime  is  sufficient,  when  converted  into  milk  of 
lime,  to  form  100  lbs.  of  sulphate  of  copper.  The  precipitate  is 
allowed  to  settle,  washed,  and  dried  ;  while  the  clear  liquor, 
which  is  a  solution  of  chloride  of  calcium,  may  be  used  to  pre- 
cipitate fresh  sulphate  of  copper.  The  results  are  not  so  good  as 
with  the  methods  described  above. 

Bremen  blue  consists  mostly  of  hydroxide  of  copper,  Ou  Og, 
with  small  quantities  of  carbonate  of  copper. 

BLUE  VERDITER.— Blue  verditer  is  a  pigment  of  a  sky- 
blue  tint.  It  is  very  similar  to  Bremen  blue  in  its  composition 
and  mode  of  preparation. 

1.  A  solution  of  copper  sulphate  of  1*312  (62 J°  Tw.)  specific 
gravity  is  prepared  and  heated,  and  a  hot  solution  of  calcium 
chloride  added  until  no  further  precipitate  is  obtained.  The  mix- 
ture is  filtered,  and  the  liquor,  which  consists  of  a  solution  of 
copper  chloride,  is  diluted  with  water  until  it  has  a  specific 
gravity  of  1-157.  Slaked  lime  is  thoroughly  ground  with  water 
to  a  great  degree  of  fineness,  and  added  to  the  copper  solution  in 
small  quantities  at  a  time,  until  all  the  copper  has  been  precipi- 
tated. The  mixture  is  now  filtered,  drained,  and  washed,  and  a 
small  portion  of  the  paste  weighed  and  dried  as  rapidly  as  possible 
to  ascertain  the  amount  of  actual  dry  colour  it  contains.  The 
green  paste  thus  obtained  is  placed  in  wooden  tubs,  and  for  every 
35  lbs.  of  dry  colour  it  contains,  4  lbs.  of  the  lime  paste,  made 
as  above  described,  and  2 J  pints  of  a  solution  of  carbonate  of 
potash  of  1-116  (25i°  Tw.)  specific  gravity  is  added,  and  thor- 
oughly stirred  with  it.  The  mass  is  allowed  to  stand,  and,  when 
the  proper  shade  has  been  developed,  it  is  washed  with  water, 
filtered,  and  dried,  when  it  is  ready  for  use. 

2.  Another  method,  which  is  really  an  extension  of  the  last 
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method,  is  used  in  some  works  in  Germany.  The  process  is,  up 
to  the  stage  of  producing  the  green  paste  and  mixing  it  with 
lime  and  carbonate  of  potash,  identical  with  the  last  method ; 
but,  now,  the  paste  is  placed  in  vessels  which  can  be  hermetically 
sealed,  and  to  every  35  lbs.  of  dry  colour  there  is  added  a 
sohition  of  1  lb.  of  ammonium  chloride,  and  2  lbs.  of  copper 
sulphate,  in  3|  gallons  of  water;  when  all  are  mixed  together, 
as  thoroughly  as  possible,  the  vessels  are  closed  up,  and  left  for 
four  to  five  days,  after  which  they  are  opened,  and  the  colour 
washed  and  dried  in  the  usual  way. 

3.  A  solution  of  copper  sulphate  or  nitrate  is  prepared,  and  to 
it  is  added  a  solution  of  either  the  carbonate  of  potash  or  the 
carbonate  of  soda  as  long  as  a  precipitate  falls  down ;  this  is 
collected  and  washed,  then  treated  with  a  weak  solution  of 
caustic  soda  to  turn  it  blue  (as  is  done  in  making  Bremen  blue). 

Any  copper  solution  may  be  used,  but  the  nitrate  or  chloride 
gives  the  best  results. 

What  is  called  refiners'  blue  verditer"  is  prepared  from  the 
copper  solution  obtained  in  refining  gold  or  silver.  It  differs  in 
no  way  from  the  verditer  prepared  from  other  copper  solutions. 

A  sample  of  refiners'  blue  verditer,  examined  by  the  author, 
had  the  following  composition  : — 

Copper  carbonate,  Cu  C  O3,       .       .       ,  77797  per  cent. 
Copper  sulphate,  Cu  S  O4,  .       .       .       .  9*426 

Copper  oxide,  Cu  O,   12  -350  ,, 

Water,  hygroscopic,  .  .       .       .         '775  ,, 

100-348 

Another  sample  of  blue  verditer  had  the  composition  : — 

Copper  carbonate,  Cu  C  O3,       .       .       .  62*45  per  cent. 

Copper  hydroxide,  Cu  H2  O2,    .       .       .  31  "19  ,, 

Water,  hygroscopic,  3  29,, 

Calcium  sulphate,  Ca  S  O4,        .       .       .  3*07 

100-00 

Blue  verditer  is  used  to  a  small  extent  by  artists,  especially  in 
water-colours  ;  but  it  is  not  a  permanent  pigment. 

LIME  BLUE. — Before  the  introduction  of  artificial  ultra- 
marine lime  blue  was  very  largely  used  for  fresco-painting,  and 
common  lime-washing  and  distemper  work,  on  account  of  its 
resisting  the  action  of  alkaline  vehicles  and  pigments.  It  has, 
however,  gone  out  of  use,  so  much  so  that  it  is  extremely  difficult 
to  ]r)rocure  a  genuine  sample  of  lime  blue,  ultramarine  being  sold 
for  it  under  the  name  of  lime  blue. 
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Lime  blue  can  be  made  by  the  following  methods : — 

1.  125  lbs.  of  copper  sulphate  are  dissolved  in  water,  and  to 
the  solution  is  added  12|  lbs.  of  sal-ammoniac  dissolved  in  warm 
water;  30  lbs.  of  good  clean  quicklime  are  carefully  slaked  with 
water,  and  the  slaked  lime  ground  into  a  fine  paste  with  water, 
after  which  it  is  made  into  a  milk  by  adding  more  water.  The 
milk  of  lime  is  poured  into  the  copper  solution,  both  being  well 
mixed  by  constant  stirring ;  when  all  the  lime  has  been  added 
a  blue  precipitate  and  a  blue  solution  will  be  obtained;  this 
mixture  is  allowed  to  stand  until  the  solution  has  become 
colourless,  taking  care  to  stir  it  up  from  time  to  time  while  the 
decoloration  is  proceeding.  The  blue  pigment  formed  is  filtered, 
washed  with  water,  and  dried. 

2.  A  strong  solution  of  sulphate  of  copper  is  prepared,  and  to 
this  is  added  sufficient  ammonia  to  redissolve  the  precipitate 
first  obtained.  The  solution  is  heated  slightly,  and  to  it  is  added 
milk  of  lime,  prepared  as  in  the  preceding  method ;  the  blue 
gradually  precipitates,  and  is  collected,  washed,  and  dried. 

Lime  blue  is  essentially  a  mixture  of  copper  hydroxide  and 
calcium  sulphate. 

In  preparing  all  these  copper  blues  care  must  be  taken  not  to 
have  the  liquors  too  hot,  as,  if  so,  there  is  a  liability  for  the 
copper  precipitate  to  be  decomposed  and  the  black  oxide  of 
copper  to  be  formed. 

PROPERTIES  OF  THE  COPPER  BLUES.— As  the  pro- 
perties  of  the  copper  blues  are  so  similar  a  general  description 
will  suffice.  All  the  copper  blues  are  characterised  by  being  of 
a  pale  greenish-blue  tint,  varying  a  little  in  shade  and  colouring 
power ;  being  opaque,  they  are  good  pigments,  especially  in  water, 
but  in  oil  they  lose  some  of  their  opacity.  Although  not  quite 
permanent,  yet  they  resist  a  considerable  amount  of  exposure  to 
light  and  air;  they  are  blackened  by  sulphuretted  hydrogen  or 
by  sulphur,  owing  to  the  formation  of  the  black  sulphide  of 
copper;  on  this  account  they  cannot  be  used  in  places  where 
they  are  likely  to  come  in  contact  with  sulphur  or  sulphur  gases, 
nor  can  they  be  mixed  with  other  pigments  containing  sulphur. 
Exposed  to  heat  they  blacken,  owing  to  the  loss  of  water  and  of 
carbonic  acid  and  the  formation  of  the  black  oxide  of  copper. 
Acids  dissolve  them,  forming  blue  solutions  which  give  the 
characteristic  tests  for  copper,  such  as  the  deep  blue  solution 
with  ammonia  and  the  brown  precipitate  with  ferrocyanide  of 
potassium.  Alkalies  have  little  action  in  the  cold;  but  when 
heated  with  them  they  turn  black,  owing  to  the  formation  of 
the  black  oxide  of  copper. 
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Ammonia  usually  has  a  solvent  action  on  the  copper  blues, 
forming  a  deep  blue  solution;  by  the  tests  here  given  copper 
J)lues  can  be  readily  distinguished  from  other  blues. 

The  copper  blues  are  rarely  met  with,  their  place  having  been 
taken  by  ultramarine  and  cobalt  blue. 

CiERULEUM. 

Under  the  name  of  Caeruleum  two  pigments  are  known;  one  of 
these  is,  or  rather  was,  an  old  one  used  by  the  ancient  Egyptians 
in  the  decorations  of  their  temples  and  tombs;  this  pigment  was 
a  very  permanent  one  and  of  a  hne  tint  of  blue,  but  nothing  is 
now  known  as  to  how  it  was  made,  although,  lately,  a  French 
chemist  has  announced  that  he  has  made  this  colour  in  all  its 
original  properties. 

The  other  pigment  is  a  more  modern  one,  of  a  fine  tint,  but  of 
no  great  permanence.  The  two  pigments  will  now  be  described 
as  fully  as  is  necessary. 

C-S3R.ULEUM. — The  fine  blue  pigment  found  on  the  paintings 
and  decorations  of  the  ancient  temples  of  Pompeii,  Alexandria, 
Cairo,  and  other  old  cities  testifies  how  largely  it  was  used  by  the 
ancient  Egyptians,  who  were,  in  all  probability,  the  discoverers 
of  it.  So  far  as  can  be  discerned,  the  paintings  on  these  ancient 
temples  are  of  as  bright  a  blue  colour  now  as  on  the  day  when 
they  were  painted,  although  they  have  been  exposed  to  the 
weather  for  more  than  1,000  years.  There  is  no  trace  of  its 
manufacture  and  use  after  the  barbarian  invasion  of  Italy. 

The  blue  has  been  examined  by  Ohaptal,  Sir  Humphrey  Davy, 
Girardin,  and  others,  but  without  any  result,  so  far  as  its  pre- 
paration was  concerned;  and,  yet,  if  it  could  be  produced  at  a 
low  price  it  would  be  very  extensively  used  by  all  classes  of 
painters. 

A.  more  recent  observer,  Fouque,  has  examined  this  pigment, 
and  in  a  memoir  communicated  to  the  Academy  of  Sciences  of 
Paris,  and  published  in  the  Comptes  Eendus,  1887,  pp.  108,  325, 
he  describes  the  results  of  his  analyses  of  the  blue,  and  of  his 
experiments  for  its  production.  Fouque  gives  the  composition 
of  this  old  pigment  as 

Silica,  Si  O2,   63*7  per  cent. 

Calcium  oxide,  Ca  0,  .       .       ,       ,  14  "3 

Copper  oxide,  Cu  O,    .       .       .       ,  21*3  ,, 

Ferric  oxide,  Fe2  O3,  ,       ,       .       .  0*6  „ 
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He  considers  it  to  be  a  double  silicate  of  copper  and  calcium, 
having  the  formula  4  Si  Og,  Oa  O  Ou  O;  the  iron  being,  as  might 
be  expected  from  its  small  amount,  an  accidental  impurity.  The 
ancients,  he  considers,  obtained  it  by  fusing  together  roasted 
copper  ore  with  sand  and  lime. 

Fouque  states  that  he  has  obtained  a  blue  colour  of  a  similar 
composition  in  a  crystalline  condition ;  the  crystals  were  dichroic, 
appearing  of  a  deep  sky-blue  tint  when  seen  by  surface  reflection, 
and  of  a  pale  rose  tint  when  seen  through  the  edges.  There  are 
a  few  practical  difficulties  in  its  preparation,  which  consist  in 
heating  to  a  bright  red  heat  a  mixture  of  its  component  parts  ;  if 
the  heat  becomes  too  high,  then  the  blue  colour  disappears  and 
only  a  green  coloured  glass  is  obtained.  The  blue  pigment  thus 
obtained  is  said  to  be  quite  permanent ;  it  remains  unaffected 
when  boiled  with  sulphuric  acid,  soda,  or  lime,  or  any  other 
alkali  or  acid  ;  and  it  is  unaffected  by  sulphuretted  hydrogen. 

Feligofs  Blue  is  a  similar  preparation  made  by  fusing  together 
73  parts  of  silica,  16  parts  of  copper  oxide,  8  parts  of  lime,  and 
3  parts  of  soda ;  the  temperature  must  not  be  allowed  to  exceed 
about  800°  F.,  or  the  colour  will  be  changed  from  a  blue  to  a 
black  ;  if  the  soda  was  omitted  in  this  process,  the  results  would 
be  nearer  those  of  the  original  blue.  Peligot's  blue  has  not  come 
into  use. 

C^RULEUM  (2). — Messrs.  Rowney  &  Co.  have  offered  to 
artists  a  fine  light  blue  of  a  greenish  tone,  for  which  they  adopt 
the  name  cseruleum ;  it  is  a  compound  of  the  oxides  of  tin  and 
cobalt  and  is  a  fairly  permanent  pigment.  The  method  of  pro- 
ducing it  has  never  been  published,  but,  possibly,  it  is  made  by 
preparing  a  solution  of  stannate  of  soda  and  precipitating  this 
with  a  solution  of  cobalt  nitrate ;  the  precipitate  will  consist  of  a 
mixture  of  the  oxides  of  cobalt  and  tin ;  the  precipitate  is  heated 
to  a  bright  red  heat,  when  the  blue  pigment  will  result.  Another 
method  is  to  mix  together  solutions  of  tin  and  cobalt,  and  pre- 
cipitate with  soda  ;  after  washing  free  from  the  alkali,  the  pre- 
cipitate is  heated  as  before.  By  using  silicate  of  soda  as  the 
precipitating  agent,  so  as  to  obtain  a  precipitate  containing 
silica,  tin,  and  cobalt,  a  fine  blue  could  be  obtained. 

Several  other  bodies  of  a  blue  colour  have  been  suggested  for 
use  as  pigments,  but,  partly  on  account  of  their  greater  expense, 
they  have  not  been  able  to  compete  with  ultramarine  or  Prussian 
blue  as  pigments ;  hence,  their  use  has  been  either  limited  or 
abandoned.    One  may  be  mentioned. 

Manganese  Blue. — Some  years  ago  Bong  gave  a  description 
of  the  process  of  making  manganese  blue,  w^hich  resembles  very 


CiERULEUM. 


239 


much  that  of  ultramarine.  He  gives  the  following  mixtures 
which  may  be  used  : — (1)  3  parts  of  silica,  6  parts  of  soda  ash, 
5  parts  of  calcium  carbonate,  and  3  parts  of  manganese  oxide. 
(2)  3  parts  of  silica,  3  parts  of  manganese  oxide,  and  8  parts  of 
barium  nitrate.  (3)  2  parts  of  kaolin,  3  parts  of  manganese 
oxide,  and  8  parts  of  barium  nitrate.  In  each  case  the  mixture 
is  heated  to  a  red  heat  in  an  oxidising  atmosphere.  Iron  must 
not  be  present  in  the  ingredients.  By  varying  the  proportion  of 
manganese  the  intensity  of  the  blue  can  be  varied,  but  not  its 
tint;  on  the  other  hand,  by  increasing  the  proportion  of  alkali 
and  silica  the  blue  becomes  more  violet  or  green. 

ANTIMONY  BLUE.— Boettger  discovered  in  1871  a  blue 
compound  of  antimony.  Sebor  has  lately  described  a  method 
for  its  preparation.  Sulphide  of  antimony  is  dissolved  in  strong 
hydrochloric  acid,  and  the  solution  filtered  through  asbestos. 
The  solution  is  heated  to  the  boiling  point,  and  then  mixed  with 
a  concentrated  solution  of  potassium  ferrocyanide.  A  small 
quantity  of  potassium  chlorate  or  of  nitric  acid  is  added,  and 
the  mixture  boiled.  The  blue  pigment  formed  is  filtered  off, 
well  washed,  and  dried.  In  this  way  a  very  deep  fine  blue 
pigment  is  obtained.  A  pale  blue  pigment  can  be  prepared  by 
mixing  solutions  of  antimony  chloride  and  potassium  ferro- 
cyanide and  then  adding  a  large  excess  of  water.  Antimony 
blue  contains — 

Iron,   30*28  per  cent. 

Antimony,  2*42 

Water,  5-82  „ 

Chlorine,  0*71  ,, 

Oxygen,  0  32  „ 

Cyanogen,   60*43 

It  resists  the  action  of  acids,  in  which  respect  it  resembles  the 
Prussian  blues ;  cold  solutions  of  caustic  soda,  or  caustic  potash, 
or  ammonia,  have  no  action  on  it,  but  hot  solutions  decompose 
it.  It  is  insoluble  in  oxalate  or  tartrate  of  ammonia,  in  which 
respect  it  difi'ers  from  Prussian  blue. 
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CHAPTER  VII. 

BROWN  PIGMENTS, 

This  group  of  pigments  is  a  small  one — umber,  vandyke-brown, 
sepia,  manganese  brown,  Cappagh  brown,  and  one  or  two  others 
of  little  importance  complete  the  list.  Most  of  these  browns  are 
natural  pigments. 

UMBER. 

Probably  the  most  important  of  the  brown  pigments  is  umber. 
It  is  an  earthy  pigment  closely  resembling  the  ochres  and  siennas 
in  its  composition  and  properties;  in  fact,  these  three  pigments 
form  a  natural  group  of  yellow  to  brown  colours  having  the 
ochres  at  one  end  of  the  scale  and  the  umbers  at  the  other,  while 
between  the  two  extremes  it  is  possible  to  find  all  or  nearly  all 
the  intermediate  tints  or  shades. 

Umber  is  found  native  in  many  places;  as  in  Derbyshire, 
Devonshire,  Cornwall,  Wales,  &c.,  in  this  country;  in  France;  in 
Italy;  and  in  many  localities  in  America.  The  finest  umber 
comes  from  Cyprus. 

It  is  found  in  veins  and  layers  of  varying  thickness  in  rocks 
of  all  geological  ages,  and  from  which  it  has,  in  some  cases,  been 
derived  by  decomposition.  At  Ashburton,  near  Dartmoor,  the 
umber  is  found  in  a  layer  of  from  20  to  30  feet  in  thickness, 
overlying  the  bed  rock,  which  is  a  dolomitic  limestone  contain- 
ing some  manganese  and  iron  and  from  which  it  has  been  formed ; 
above  the  umber  there  is  an  overburden  of  soil. 

Umber  varies  somewhat  in  hue  from  a  reddish-brown  to  a 
violet-brown,  the  former  hue  being  characteristic  of  the  Derby- 
shire umbers,  while  Turkey  umber  (which  comes  from  Cyprus) 
has  a  warm  violet-brown  hue.  This  umber  owes  its  trade  name 
to  the  fact  that  it  was  imported  through  Constantinople,  and  its 
real  source  was  at  one  time  not  properly  known. 

Umber  is  sold  in  three  forms — raw  lump  umber,  raw  powdered 
umber,  and  burnt  umber. 

Raw  lump  umber  is  the  pigment  just  as  it  is  obtained  from  the 
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mines.  The  method  of  mining  will  vary  somewhat  according  to 
the  varied  conditions  under  which  the  umber  is  found.  At  Ash- 
burton  it  is  mined  by  taking  off  the  overburden  of  soil,  digging 
square  pits  until  the  bed  rock  is  reached,  and  lining  the  pits  with 
timber  as  the  material  is  removed.  When  the  bottom  is  reached 
these  timbers  are  removed  and  fresh  pits  sunk.  A  similar  method 
is  probably  in  use  for  mining  other  deposits  of  umber. 

Powdered  raw  umber  is  the  lump  umber  ground  and  levigated 
in  the  same  manner  as  ochres  are  treated. 

Burnt  umbers  are  the  raw  umbers  calcined  at  a  red  heat  in  a 
furnace,  by  which  treatment  the  colour  becomes  darker  and 
warmer;  the  change  which  occurs  is  similar  to  that  which  ensues 
when  ochres  and  siennas  are  calcined  (see  pp.  118,  150,  156). 

COMPOSITION  AND  PROPERTIES  OP  UMBERS.— 
Umbers  have,  as  has  already  been  stated,  a  great  resemblance  to 
the  ochres  and  siennas  in  their  composition ;  but  they  contain 
more  manganese,  which  probably  accounts  for  their  darker 
colour.  The  following  analyses  of  various  colours  will  serve  to 
show  the  average  composition  of  these  pigments : — 


1. 

2. 

3. 

4. 

Water,  hygroscopic,  .    .  . 
Water,  combined,  .... 
Silica,  Si  O2, 

Calcium  carbonate,  Ca  C  O3, 
Manganese,  Mn  O2,    •    .  . 
Alumina,  AI2  O3,  .... 
Ferric  oxide,  Fe2  O3,  .    .  . 
Barium  sulphate,  Ba  S  O4,  . 
Calcium  sulphate,  Ca  S  O4,  . 
Phosphoric  acid,  .... 

4-  325 
8-450 

29-566 

5-  560 
12-285 

2-735 
36-475 

13-475 
5175 
4-430 
2-607 

11-530 
8-078 

22-500 

30-105 
2-153 
trace 

6-612 
10  250 
24-518 

6-  090 

7-  110 
12-802 
29-983 

2-137 

65-00 
4-80 
12-30 

lO-OO 

6-30 

-60 
1-00 

99-394 

100-053 

99  502 

100  00 

No.  1  is  an  analysis  of  Cyprus  umber;  this  sample  had  a  dark, 
warm  brown  tint. 

No.  2  is  an  analysis  of  crude  Derbyshire  ochre ;  this  sample 
was  of  a  soft  character  and  of  a  reddish-brown  tint. 

No.  3  is  an  analysis  of  a  sample  of  umber,  probably  of  English 
origin.  This  sample  had  a  yellowish-brown  tint.  The  abov^ 
analyses  were  made  by  the  author. 
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No.  4  is  an  analysis  made  by  J.  J.  Beringer  (quoted  by 
Frecheville*)  of  the  iimber  from  Ashburton,  already  referred  to ; 
and  the  next  shows  the  composition  of  the  dolomitic  limestone 
from  which  it  is  derived. 


Water,  hygroscopic,   0*8  per  cent. 

Calcium  carbonate,  Ca  C  O3,       .       .  ,46*7 

Magnesium  carbonate,  Mg  C  O3,         .       .  41 '0 

Silica,  Si  O2,   3*3  ,, 

Ferrous  carbonate,  Fe  C  O3,        .       .       .  2*6  ,, 

Manganese  carbonate,  Mn  C  O3,  .       .       .  2*5 

Loss,  &c.,   3*1  ,, 


100-0 

The  decomposition  has  probably  been  brought  about  by  the 
dissolving  action  of  carbonated  water  on  the  calcium  and 
magnesium  carbonates,  so  as  to  leave  the  iron,  manganese,  and 
silica  behind  to  form  the  umber;  the  amount  of  limestone  which 
must  have  been  disintegrated  to  form  deposits  of  umber,  20  to 
30  feet  in  thickness,  must  have  been  enormous,  as  but  little  of 
the  calcium  and  magnesium  remains  behind  in  the  umber.  The 
umber  found  at  Yeryan  (near  Truro),  Milton  Abbot,  and  other 
places  in  Cornwall  is  undoubtedly  formed  from  limestone  rocks 
in  a  similar  manner. 

Umbers  are  pigments  of  a  warm  brown  colour,  varying  in  hue 
from  yellowish  to  violet-brown.  By  calcining,  the  colour  is 
rendered  darker  and  warmer.  As  pigments,  they  work  well 
in  both  oil  and  water,  and  they  can  be  mixed  with  all  other 
pigments  without  any  change  occurring.  They  are  perfectly 
permanent,  being  unaffected  by  all  the  ordinary  conditions  to 
which  pigments  are  exposed.  Umbers,  therefore,  meet  with 
extensive  use  among  all  classes  of  painters. 

Umbers  are  not  readily  attacked  by  acids,  but  prolonged 
digestion  with  strong  hydrochloric  acid  dissolves  the  larger 
proportion  of  the  umber,  forming  a  brownish-yellow  solution 
containing  iron,  alumina,  manganese,  and  lime;  the  silica  and 
the  barium  sulphate  remain  undissolved.  The  metals  may 
be  tested  for  by  the  usual  analytical  methods.  Caustic  soda 
has  no  action  on  umbers. 

ASSAY  AND  ANALYSIS  OP  TIMBERS.— Umbers  may 
be  assayed  for  colour  or  hue,  colouring  power,  covering  power, 
and  similar  properties  by  the  usual  methods. 

A  chemical  analysis  of  umbers  is  rarely  required,  as  they  are 
rarely,  if  ever,  adulterated,  except  possibly  a  dearer  umber  by  a 

*  Trans.  Boy.  Oeolog.  Soc,  Cormoall^  xvii.,  p.  217. 
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cheaper  one;  but  this  kind  of  adulteration  would  be  very  difficult 
to  detect.  In  case  an  analysis  is  required,  the  method  detailed 
under  oxide  reds  (p.  121)  is  applicable  here. 

VANDYKE-BROWN. 

Next  to  umber  the  most  important  brown  pigment  is  Yandyke- 
brown,  so  named  after  the  great  painter,  who  was  particularly 
partial  to  the  use  of  browns  in  his  pictures.  No  record  remains 
as  to  the  origin  of  the  particular  brown  which  he  used,  but,  it 
was  presumably  a  natural  brown  found,  perhaps,  in  the  vicinity 
of  the  artist's  residence  and,  probably^  more  or  less  organic  in  its 
origin.  The  Yandyke-browns  now  sold  are,  however,  all  of  arti- 
ficial production  from  a  variety  of  sources.  In  many  works  on 
pigments  it  is  stated  that  this  pigment  is  prepared  by  calcining 
ochres  and  copperas ;  it  is  extremely  doubtful  whether  these 
browns  were  ever  made  in  this  way,  as  neither  ochres  nor  cop- 
peras yield  Yandyke-browns  when  calcined. 

Yandyke-browns  are  made  in  several  ways  : — 

1.  From  natural  de})osits  of  a  brown  colour  occurring  much  in 
the  same  manner  as  the  ochres  and  umbers,  but  differing  from 
them  in  being  derived  largely  from  organic  sources,  such  as  peaty 
matter  mixed  with  more  or  less  earthy  matter.  Sometimes  these 
pigments  are  named  after  the  localities  in  which  they  are  found, 
as,  for  instance,  Cassel  earth. 

For  use  as  pigments  these  natural  products  simply  require  to 
be  ground  as  fine  as  possible. 

2.  From  cork  cuttings  and  waste,  bark  and  twigs  of  trees,  and 
other  organic  matter  of  vegetable  origin,  by  calcining  slightly  in 
a  closed  vessel. 

These  Yandyke-browns  have  a  warm  brown  colour  of  a  reddish 
hue ;  they  mix  very  well  with  oil  and  water,  and  can  be  used  for 
all  kinds  of  painting. 

An  analysis  of  such  a  brown  made  by  the  author  showed  it  to 
have  the  following  composition  : — 

Organic  matter  and  water,      .       .  .  70*289  per  cent. 

Calcium  carbonate,  Ca  C  O3,  .       .  .  3  *490 

Oxide  of  iron  and  alumina,     .       .  .  1*615 

Alkaline  carbonates  and  alkaline  salts,  .  24-606  „ 

100  000 

3.  Most  of  the  common  Yandyke-browns  are  made  by  mixing 
together  lamp-black,  vegetable  black,  or  other  black  pigment  with 
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red  oxide  and  a  little  yellow  ochre ;  the  proportions  used  vary 
according  to  the  quality  and  shade  of  the  oxide  used,  and  whether 
ochre  is  also  used.  Vandyke-browns  thus  made,  and  containing 
from  36  to  50  per  cent,  of  black  (chiefly  lamp-black)  form  the 
great  bulk  of  these  pigments  as  used  by  the  house-painter.  This 
variety  of  Yandyke-brown  is  a  permanent  pigment,  and  works 
well  in  oil,  if  care  be  taken  in  regard  to  the  quality  of  the  black 
used ;  if  it  has  any  fault,  it  is  that  of  being  a  bad  drier.  In 
water  it  does  not  mix  quite  so  readily  as  the  other  varieties  of 
Vandyke-brown,  although,  when  mixed,  it  works  well. 

Vandyke-brown  is  sold  in  the  form  of  small  angular  pieces, 
powder,  and  paste  ground  with  either  oil  or  water  according  to 
the  use  it  is  to  be  put  to. 

PROPERTIES  OP  VANDYKE  -  BROWN.  —  Vandyke- 
brown  is  a  perfectly  permanent  pigment  and  withstands  any 
amount  of  exposure  to  light  and  air.  It  works  well  in  either  oil 
or  water  and  with  any  kind  of  vehicle.  It  can  be  mixed  with  all 
other  pigments  without  any  alteration  whatever. 

SEPIA. 

Sepia  is  a  brown  pigment  of  slightly  varying  hue,  much  used 
by  artists,  especially  for  monochrome  work.  It  is  obtained  from 
various  species  of  cephalopodous  animals,  such  as  Sepia  officinalis, 
Sepia  loligo,  &c.  These  animals  have  a  peculiar  gland  which 
secretes  a  blackish-brown  liquor  that  collects  in  what  is  called 
the  ink-bag.  This  liquor  is  secreted  for  the  purpose  of  defence; 
when  an  enemy  approaches,  some  of  the  contents  of  the  bag  is 
discharged,  and  this,  owing  to  its  strong  colouring  powers, 
colours  the  water  for  some  distance  around,  and  under  the  cover 
of  the  opacity  thus  produced  the  sepia  makes  its  escape.  The 
animals  are  caught  and  the  ink-bag  carefully  taken  out  and 
dried  ;  it  then  forms  the  pigment  known  as  sepia.  The  com- 
mercial article  is  in  the  form  of  small  pear-shaped  pieces  of  a 
blackish-brown  colour,  to  which  fragments  of  the  sac  or  skin  of 
the  bag  usually  remain  attached.  For  purposes  of  use  as  a 
pigment  for  artists  it  is  necessary  to  remove  the  sac  or  bag; 
this  is  done  by  boiling  the  crude  sepia  with  a  solution  of  soda, 
which  dissolves  the  colour  but  not  the  bag;  the  liquor  is  then 
filtered,  and  to  the  filtrate  acid  is  added  to  precipitate  the  pig- 
ment; the  precipitate  is  collected,  washed,  and  dried. 

Sepia  is  a  blackish-brown  pigment  of  very  fine  texture,  mixing 
well  with  both  oil  and  water.  It  is  somewhat  transparent,  but 
its  colouring  power  is  very  great,  and  it  is  capable  of  being  so 
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used  as  a  water-colour  as  to  show  a  great  variety  of  tints  and 
shades ;  it  is  this  property  which  makes  it  of  value  for  mono- 
chrome work  to  artists ;  no  other  pigment  is  capable  of  being 
used  in  this  manner  with  so  much  facility. 

Sepia  is  a  compound  of  calcium  and  magnesium  carbonates,  with 
an  organic  colouring  principle ;  Prout  has  analysed  it,  and  gives 
its  composition  as 


Melanin  or  black  pigment,         .  .  78 '00  per  cent. 

Calcium  carbonate,  Ca  C  O3,       .  .  10*40  ,, 

Magnesimn  carbonate,  MgC  O3, .  .  7 '00  ,, 

AlkaUue  sulphates  and  chlorides,  .  2*16  ,, 

Organic  mucus,  .       .       .       »  ^  0*84  ,, 


98-40 

The  black  pigment  may  be  isolated  by  boiling  the  bag,  first 
in  water,  which  takes  out  the  alkaline  salts ;  then  in  hydro- 
chloric acid,  which  takes  out  the  calcium  and  magnesium  car- 
bonates ;  then,  after  washing  with  water,  filtering,  and  drying, 
the  pigment  is  ready  for  use. 

Sepia  is  a  fairly  permanent  pigment,  being  but  little  affected 
by  exposure  to  light  and  air.  It  is  not  altered  by  admixture 
with  any  other  pigment. 

CAPPAGH  BROWN. 

This  pigment  is  of  a  reddish-brown  hue,  and  much  resembles 
raw  umber  both  in  appearance  and  composition.  It  is  found  at 
the  Cappagh  Mines  of  Lord  Audley,  which  are  situated  about 
10  miles  from  the  town  of  Skibbereen,  in  the  county  of  Cork. 

Prof  A.  H.  Church  gives  *  the  following  analysis  of  Cappagh 
brown  : — 


Water,  given  off  at  100°  C,         .       .  18*7  per  cent. 

Water,  given  off  at  a  red  heat,     .       .  11*6  ,, 

Ferric  oxide,  Fe2  O3,     .       .       .       .  34*4 

Manganese  dioxide,  Mn  O2,  .       .       .  27*2  ,, 

Alumina,  AI2  O3,   2*6  ,, 

Lime,  Ca  O,   1*1  ,, 

Magnesia,  MgO,   trace. 

Silica,  Si  O2,   4*6  „ 

Phosphoric  acid,  P2  Os,        .       .       .  0*4  ,, 


There  were  traces  of  organic  matter,  but  not  enough  to  show 
that  it  had  been  derived  from  bog  earth  or  peaty  matter.    It  is 

*  Church,  Chemistry  of  Paints  and  Painting,  p.  206. 
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possible  that  part  at  least  of  the  manganese,  if  not  the  whole  of 
it,  existed  in  the  pigment  in  the  form  of  the  red  oxide,  Mng  O4. 

When  heated  above  100''  0.  it  acquires  a  rich  red  colour  not 
unlike  that  of  burnt  sienna. 

Cappagh  brown  works  well  in  oil-  or  water-colour,  and  is  a 
permanent  pigment.  Its  qualities  as  an  oil  colour  are  much 
improved  by  a  preliminary  drying  at  a  temperature  not  exceed- 
ing 75°  to  80°  C.  It  has  been  much  used  by  artists  since  its 
introduction. 

MANGANESE  BROWN. — This  brown  is  an  oxide  of  man- 
ganese. It  is  prepared  artificially  from  the  waste  still-liquors 
of  the  chlorine  manufacturer,  by  precipitating  these  with  sodium 
carbonate,  collecting  the  precipitate,  and  calcining  in  a  furnace 
to  a  low  red  heat,  until  samples  taken  out  and  allowed  to  cool 
show  that  the  pigment  has  acquired  the  desired  shade.  It  is  a 
good  and  permanent  pigment,  but  it  has  such  excessively-strong 
drying  properties  as  to  make  it  very  unusable  as  a  pigment ; 
hence  it  has  gone  out  of  use.  The  manufacture  of  manganese- 
brown  was  patented  in  1871  by  Rowan. 

COLOGNE  EARTH,  CASSEL  EARTH,  RUBENS 
BROWN,  and  other  browns  are  pigments  of  natural  origin 
of  varied  composition;  some  partake  of  the  character  of  brown 
lignite  of  a  soft  character,  others  more  nearly  resemble  the 
umbers  in  their  composition.  Their  value  as  pigments  is  very 
variable,  and,  as  their  composition  cannot  be  depended  upon  as 
being  constant,  it  is  advisable  to  avoid  the  use  of  these  pigments 
for  all  artistic  painting. 

BONE-BROWN  is  made  by  gently  calcining  bones  until  they 
acquire  a  brown  colour ;  it  resembles  bone-black  in  composition, 
but  contains  some  undecomposed  animal  matter ;  it  is  not  much 
used. 

PRUSSIAN  BROWN. — This  pigment  is  rarely  met  with 
now.  It  was  prepared  by  gently  calcining  Prussian  blue,  and 
hence  is  a  mixture  of  ferric  oxide  and  carbon ;  necessarily  the 
pigment  was  a  costly  one,  and  it  has  no  advantage  over  such 
pigments  as  umber  or  Yandyke-brown. 

BISTRE. — This  pigment  is  prepared  from  the  soot  of  wood, 
especially  from  that  of  beech  wood,  which  gives  the  finest  quality. 
The  soot  is  collected  and  washed  with  hot  water  until  the  latter 
does  not  extract  any  more  soluble  matter  from  it;  sometimes 
the  soot  is  subjected  to  a  preliminary  grinding  before  tlie 
washing.  The  bistre  is  dried,  and  is  then  ready  for  use. 
Bistre  is  not  used  as  an  oil-colour.  It  has  a  fine  warm  brown 
colour  of  a  yellowish  hue.    Its  permanence  depends  very  much 
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on  the  character  of  the  wood-soot  from  which  it  is  made ;  some- 
times this  contains  much  tarry  matter  which  is  not  completely 
extracted  from  the  bistre  by  the  washing  operation ;  the  larger 
the  quantity  present  in  the  bistre  the  more  fugitive  is  the 
pigment.  The  tarry  matter  oxidises  on  exposure  to  light  and 
air,  and  the  tint  becomes,  in  consequence,  paler. 

ULMIN  BROWNS  are  pigments  made  by  heating  organic 
matter  with  alkalies;  they  are  not  used,  as  they  are  too  fugitive. 

ASPHALT  or  BITUMEN  OP  JUDEA  was  used  as  a  pig- 
ment by  many  of  the  older  artists;  but,  as  time  has  brought  out 
its  many  defects,  artists  have  ceased  to  use  it.  It  enters  very 
largely  into  the  manufacture  of  varnishes — partly  as  a  colouring 
matter,  partly  as  a  resinous  matter.  It  is  described  in  th« 
section  on  varnish  materials. 


248 


CHAPTER  YIII. 

BLACK  PIGMENTS. 

Nearly  all  the  black  pigments  in  use,  certainly  all  those  which 
are  most  used,  are  composed  either  of  carbon  itself  or  have  that 
element  as  their  colouring  principle.  Although  carbon  exists 
naturally,  yet  its  native  form  is  not  used  as  a  pigment  in  painting, 
as  it  lacks  the  properties  required  for  that  purpose ;  therefore 
all  the  black  carbon  pigments  are  made  artificially. 

Such  carbon-blacks  are  known  under  a  variety  of  names;  lamp- 
black, vegetable  black,  carbon-black,  are  almost,  especially  the 
last  two,  pure  carbon ;  animal-black,  bone-black,  ivory-black, 
drop-black,  Frankfort  black,  are  blacks  prepared  from  animal 
and  vegetable  matters,  and  contain  various  other  constituents  be- 
sides carbon. 

Besides  the  pigments  just  named,  and  which  are  specially 
prepared  for  use  as  pigments,  carbon  is  also  obtained  in  other 
forms,  such  as  coke,  charcoal,  soot,  (fee.  Some  of  these  are  more 
or  less  black,  and  they  have  been  proposed  for  use  as  pigments 
after  being  subjected  to  grinding  and  washing,  but  they  do  not 
make  good  pigments,  and  it  is  doubtful  whether  they  are  so  used 
at  the  present  time.  Certain  natural  minerals,  such  as  coal  and 
carbonaceous  shale,  have  also  been  proposed  to  be  used  as  pig- 
ments, but,  as  with  those  just  noted,  the  proposal  has  probably 
never  been  put  into  practical  use. 

Carbon  is  an  elementary  body  belonging  to  the  group  of  non- 
metals;  its  chemical  symbol  is  C,  and  its  atomic  weight  12.  It 
is  a  combustible  body  in  all  its  forms ;  in  burning  it  combines 
with  oxygen  to  form  carbon  dioxide  (carbonic  acid  gas),  C  Og, 
whence  it  follows  that  all  the  black  pigments  of  which  carbon 
forms  the  principal  or  only  constituent  are  combustible ;  a  fact 
which  sometimes  makes  itself  apparent  in  a  disagreeable  form 
during  the  process  of  manufacture.  It  is  a  perfectly  stable 
element,  and  will  remain  unaltered  by  exposure  to  the  atmosphere 
for  any  length  of  time. 

Acids  and  alkalies  have  no  action  on  carbon.    All  forms  of 
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Carbon-blacks  are  perfectly  permanent  pigments,  and  are  unsur- 
passed in  permanency  by  any  other  pigment.  They  can  be  mixed 
with  all  other  pigments  without  bringing  about  any  alteration. 

Some  of  the  blacks  have  slight  peculiarities,  as  will  be  noticed 
in  the  descriptions  of  them. 

LAMP  AND  VEGETABLE  BLACKS. 

These  two  pigments  are  closely  allied  as  regards  the  method  of 
their  preparation  and  their  composition  ;  as  a  matter  of  fact  they 
are  made  together  at  the  same  time  and  by  the  same  operation. 
Lamp-black  is  probably  the  most  common  and  most  used  of  the 
black  pigments.  Essentially  it  is  a  kind  of  soot.  Whenever  a 
combustible  body,  such  as  an  oil,  or  fat,  or  grease,  is  burnt  under 
such  conditions  as  to  preclude  complete  combustion,  then  a  large 
volume  of  smoke  is  produced,  and  this  deposits  a  black  soot  on 
any  surface  it  may  come  in  contact  with ;  such  soot  has  a  strong 
black  colour  and  is  highly  prized  as  a  pigment.  Owing  to  the 
fact  that  the  earliest  convenient  means  of  producing  this  black 
was  by  burning  the  oil  in  a  lamp  under  conditions,  easily 
attained,  which  would  ensure  that  the  combustible  would  not  be 
completely  burnt,  the  black  has  derived  its  name  of  lamp-black. 
Ver}^  little  lamp-black  is  now  made  by  burning  oil  in  a  lamp, 
partly  because  materials  are  now  used  in  its  preparation  which 
cannot  be  burnt  with  good  results  in  a  lamp. 

The  materials  used  in  the  manufacture  of  lamp  and  vegetable 
blacks  are  very  varied,  and  comprise  all  kinds  of  oils,  fats,  coal- 
tar  oils,  and  greases  ;  in  fact,  anything  that  will  yield  a  great 
deal  of  black  smoke  while  burning,  preference  being  given  to 
those  which  are  cheapest  and  least  available  for  any  other 
purpose.  There  are  some  differences  in  the  quality  of  the  blacks 
yielded  by  the  different  kinds  of  materials  used  ;  the  fatty  oils 
and  greases  yield  the  best  blacks ;  the  hue  is  better  and  the 
black  is  finer  and  less  greasy  than  that  from  any  other  kind  of 
grease.  The  greases  from  coal-tar  give  fair  blacks  ;  they  are 
rather  browner  in  hue  than  the  blacks  from  the  fatty  oils,  and 
more  inclined  to  be  oily  from  some  of  the  material  volatilising  at 
the  high  temperature  at  which  it  is  burnt.  The  residues  from 
the  distillation  of  shale  give  fair  blacks^  but  are  liable  to  contain 
traces  of  volatile  unburnt  matter.  This  oily  volatile  matter  in 
the  blacks  from  coal-tar  and  shale  greases  has  the  effect  of  causing 
the  black  to  be  a  bad  drier  when  used  as  an  oil-paint. 

The  process  of  manufacture  of  lamp-blacks  consists  essentially 
in  burning  the  material  and  collecting  the  soot.    The  plant 
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required  consists,  then,  of  two  parts— 1st,  a  lamp  or  furnace  in 
which  the  material  is  burnt ;  2nd,  chambers  in  which  the  black 
collects. 

1st  Method. — An  old  method  (not  much  used  now  as  it  is 
only  capable  of  making  lamp-black  from  liquid  oils  which  are 
comparatively  costly)  consisted  essentially  in  burning  oil  in 
lamps  and  collecting  the  soot.  One  of  the  most  modern  forms  of 
the  plant  used  is  shown  in  Fig.  24,  from  which  it  will  be  seen  to 
consist  of  a  lamp,  A,  constructed  on  the  bird-fountain  principle ; 
the  shape  of  the  lamp  varies  in  different  places,  but  the  essential 
features  consist  of  a  wick-holder,  constructed  to  burn  a  short, 
wide,  or  thick  wick,  to  which  a  liberal  amount  of  oil  is  supplied 


Fig.  24. — Plant  for  making  lamp-black. 


by  the  pipe,  6,  communicating  with  the  bottom  of  the  oil- 
container,  c;  by  thus  giving  a  plentiful  supply  of  oil  a  very 
smoky  flame  results,  which  is  the  condition  necessary  to  produce 
the  largest  amount  of  lamp-black.  There  should  be  a  cup,  at 
the  bottom  of  the  burner  to  catch  any  oil  which  may  overflow 
from  the  top  of  the  wick-tube.  The  oil-container,  c,  is  so  con- 
structed that  it  is  quite  air-tight  when  placed  in  position,  and 
can  only  be  supplied  with  air  by  an  air-tube  which  connects  the 
wick-tube  with  the  oil-container ;  this  air-tube  is  small,  and  is  so 
arranged  that  when  the  wick-tube  is  full  of  oil  the  opening  into 
the  tube  is  closed,  thereby  excluding  the  air,  and  so  stopping  the 
flow  of  oil  from  the  oil- container,  c;  when,  owing  to  the  con- 
sumption of  oil  during  the  burning,  the  level  of  the  oil  in  the 
wick-tube  falls  below  the  opening  of  the  air-tube,  then  air  passes 
into  the  oil-container  and  causes  some  oil  to  flow  out  into  the 
wick-tube  through  the  tube  or  pipe,  h.  By  this  means  the  supply 
of  oil  to  the  wick  can  be  kept  very  uniform  during  the  process  of 
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manufacture,  which  uniformity  is  a  necessary  condition  in  the 
successful  making  of  lamp-black.  The  collecting  chambers  consist 
of  a  series  of  strong  cylindrical  jute  or  linen  bags,  B,  B,  B,  B, 
which  alternately  communicate  with  one  another  at  the  top  and 
bottom,  as  shown  in  the  drawing ;  these  bags  are  suspended  by 
means  of  chains  from  a  hook  in  the  ceiling  of  the  shed  or  room 
in  which  the  operation  is  carried  on.  Over  the  burner  of  the 
lamp  is  placed  a  large  funnel,  C ;  this  opens  into  a  large  pipe,  D  ; 
from  this  proceeds  a  pipe  passing  into  the  top  of  the  first  bag ; 
the  soot  from  the  lamp  passes  up  the  funnel  and  into  the  large 
pipe,  D  ;  here  some  of  the  unburnt  oily  matter  (which  nearly 
always  accompanies  the  soot)  collects ;  then  the  soot  passes  on 
into  the  bags,  the  heaviest  black  collecting  in  the  first  bags,  while 
the  finer  black  passes  on  into  the  last  bags  ;  the  heavier  portions 
are  sold  as  lamp-black,  while  the  finer  portions  are  sold  as  vege- 
table black.  The  bottoms  of  the  bags  are  made  to  open,  so  that 
the  black  can  be  shaken  from  the  bags  into  barrels  placed  under- 
neath. The  bags  may  be  made  to  communicate  with  one  another 
by  means  of  large  curved  tubes;  or  they  may  communicate  by 
means  of  short,  straight  tubes  placed  near  the  top  of  the  bags  (see 
Fig.  24).  The  collecting  bags  are  about  12  to  15  feet  in  length  and 
about  3  feet  in  diameter.  The  last  bag  communicates  with  a 
chimney,  so  as  to  secure  the  necessary  draught  and  ensure  the 
black  being  drawn  through  the  bags.  It  is  usual  to  place  a  flue 
between  the  bag  and  the  chimney ;  in  this  flue  are  placed  a 
number  of  gauze  frames  on  which  collect  the  last  portions  of  the 
black.  Usually  a  number  of  these  apparatuses  are  placed  side 
by  side. 

The  black  in  the  first  two  bags  is  kept  se])arate  from  the  black 
in  the  other  bags,  as  it  is  liable  to  contain  unburnt  oil,  which 
is  a  frequent  cause  of  the  black  entering  into  spontaneous  com- 
bustion. To  prevent  this  occurring  it  is  customary  to  calcine 
this  oily  black  in  a  closed  furnace,  thereby  destroying  this  oil  and 
making  the  lamp-black  better  for  use  as  a  pigment. 

One  of  the  objections  to  this  form  of  plant  is  the  inflammable 
character  of  the  material  with,  which  it  is  made  ;  and  as  it  is 
liable  to  take  fire  its  use  is  becoming  obsolete,  especially  as  a 
great  deal  of  waste  greases  from  coal-tar,  shale-oils,  <fec.,  are  used 
in  the  preparation  of  these  blacks,  which  greases  are  not  suitable 
for  burning  in  lamps. 

2nd  Method. — The  method  most  commonly  used  for  the  pro- 
duction of  lamp  and  vegetable  blacks,  especially  where  heavy 
oils  (such  as  creosote  or  anthracene  oils  from  coal-tar  and  the 
residues  of  shale-oil  distilling)  are  used,  which  will  not  burn 
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in  a  lamp,  is  as  follows: — A  long  brick  chamber  (of  varying  size 
at  different  works,  but  averaging  about  50  to  60  feet  long  by 
10  feet  wide  and  7  feet  high)  is  constructed,  having  the  roof  flat 
or  slightly  inclined  to  one  side.  At  one  end  is  constructed  a 
furnace  similar  to  a  common  household  boiler,  with  the  fireplace 
outside  the  building;  the  iron  pan  used  is  shallow,  and,  there- 
fore, exposes  a  great  surface  in  comparison  with  the  quantity  of 
oily  material  used.  A  pipe  from  the  exterior  of  the  chamber 
opens  just  above  the  pan,  and  this  is  in  communication  with  a 
reservoir  of  the  oil.  The  interior  of  the  chamber  is  divided  into 
a  number  of  compartments  by  brick  partitions,  which,  however, 
do  not  extend  quite  across  the  chamber,  but  stretch  alternately 
first  to  one  side  and  then  to  the  other  of  the  chambers,  thus 
compelling  the  smoke  from  the  burning  oil  to  take  a  circuitous 
course  through  the  chamber  before  it  passes  out  at  the  other 
end  into  the  chimney  of  the  works. 

The  distance  between  each  partition  is  about  4  feet,  so  that  in 
a  chamber  50  feet  long  there  will  be  about  twelve  partitions ;  the 
more  there  are  cf  them  the  better  will  be  the  condensation  of  the 
lamp-black ;  still,  they  must  not  be  too  narrow,  or  the  workmen 
will  not  be  able  to  get  into  them  to  remove  the  black. 

The  process  of  manufacture  consists  in  placing  a  quantity  of 
oil,  &c.,  in  the  pan  of  the  boiler,  and  heating  it  by  means  of  a  fire; 
when  it  gets  hot  enough  it  ignites  when  a  light  is  applied,  and, 
owing  to  the  large  extent  of  surface  exposed,  and,  therefore,  the 
limited  amount  of  air  in  contact  with  it,  it  burns  with  a  very 
smoky  flame;  as  fast  as  the  oil  burns  away  the  supply  is  kept  up 
by  allowing  oil  to  drop  through  the  pipe  from  the  reservoir, 
care  being  taken  not  to  supply  the  oil  faster  than  it  burns  off 
in  the  pan,  as  this  might  cause  the  hot  oil  to  overflow,  and  so 
produce  a  fire.  The  smoke  and  gases  produced  by  the  burning 
of  the  oil  pass  through  the  chamber,  and  the  black  gradually 
collects  in  the  various  compartments ;  the  coarser  particles  in 
the  first  compartments,  and  on  the  floor  of  the  others;  the  finer 
particles  on  the  roof  of  the  middle  compartments,  and  over  the 
whole  of  the  end  compartments.  Usually  three  qualities  are 
collected — heavy,  medium,  and  light;  the  two  former  are  sold 
as  lamp-black,  while  the  latter  is  sold  as  vegetable  black.  This 
black  weighs  about  6  lbs.  to  a  40-gallon  barrel ;  that  from  the 
sides  of  the  flues  or  compartments  weighs  about  8  lbs.,  and  the 
heaviest  about  9  lbs. 

From  time  to  time  the  flues  and  compartments  are  swept  out, 
the  workmen  passing  from  end  to  end  of  the  compartments  for 
that  purpose;  the  bottom  is  swept  first,  then  the  sides,  and 
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finally  the  roof.  The  portion  collected  in  the  first  compartment 
is  frequently  contaminated  with  unburnt  oil,  which  has  become 
volatilised  by  the  heat  of  the  furnace,  and  condensed  again 
when  it  reaches  a  cold  place.  This  oily  lamp-black  should 
always  be  collected  separately,  as  the  oil  it  contains  often 
causes  spontaneous  combustion  in  the  lamp-black. 

A  different  method  of  constructing  the  chamber  is  used  in 
some  works.  In  this  case  the  partitions  do  not  run  from  side 
to  side,  but  from  bottom  to  top,  large  openings  being  left  alter- 
nately in  the  top  of  one  partition  and  the  bottom  of  the  next. 
The  chamber  is  of  about  the  same  size  as  the  last  described, 
and  has  a  similar  arrangement  for  burning  the  oil.  This  form 
of  plant  (shown  in  Fig.  25)  necessitates  a  door  being  provided 
for  every  compartment,  whereas  in  the  last  form  of  plant  one  or, 
at  the  most  two,  doors  only  are  required.  In  some  cases  a  large 
room  is  provided  at  the  end  of  the  chamber  into  which  the 
gases,  &c.,  pass  before  reaching  the  chimney ;  here  the  last 
particles  of  black  condense,  so  that  gaseous  matter  only  passes 
into  the  chimney. 


Fig.  25. — Lamp-black  chambers. 

The  amount  of  lamp-black  obtained  by  any  of  the  processes 
just  described  varies  very  much;  it  depends  upon  the  kind  of 
oil  or  grease  used,  as  well  as  on  the  completeness  of  the  com- 
bustion and  of  the  condensation,  the  effect  of  which  on  the  yield 
must  be  obvious.  Approximately  the  yield  may  be  taken  as 
25  to  30  per  cent,  of  the  weight  of  the  oil  used.  The  relative 
proportions  of  lamp  and  vegetable  blacks  produced  vary  con- 
siderably. 

3rd  Method. — The  arrangements  described  above  are  those 
in  general  use,  but  are  capable  of  very  great  improvement.  A 
lamp-black  furnace  of  an  improved  construction  was  patented  in 
1879  by  Messrs.  Winslov),  Humphrey  Buttrick.  It  is  shown 
in  Fig.  26.    A  number  of  these  furnaces  are  usually  arranged 
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in  a  row  in  front  of  condensing  chambers,  such  as  are  used  in 
the  older  methods.  From  the  front  wall,  a,  of  the  condensing 
chamber  projects  an  iron  plate,  which  is  supported  on  suitable 
brickwork;  this  forms  the  floor  of  the  fire-chamber,  e;  the  pot, 
0,  is  kept  at  a  red  heat,  and  receives  the  oil  or  other  suitable 


Fig.  26. — Lamp-black  furnace. 


material  in  drops  from  the  pipe,  I  k,  connected  with  the  main 
supply  pipe,  m;  this  oil  burns  with  a  more  or  less  smoky  flame, 
and  the  products  pass  through  the  opening,  A,  into  the  condens- 
ing chamber.  A  quantity  of  the  oil  will  drop  on  to  the  iron 
plate  and  enter  into  combustion;  this  serves  to  keep  the  plate 
and  the  pot,  o,  red  hot.  To  prevent  the  temperature  getting 
too  high,  a  considerable  air-space  is  left  under  the  plate,  while 
the  openings,  g  admit,  and  allow  the  circulation  of,  air.  is  a 
door  by  means  of  which  the  admission  of  air  for  the  combustion 
of  the  oil  is  regulated.  A  comparatively  low  temperature  is 
required  and  should  be  just  above  the  burning  point  of  the  oil; 
this,  however,  varies,  some  oils  burning  below  500°  F.  and  others 
above  600°  F. 

The  whole  arrangement  being  outside  the  condensing  chamber 
is  readily  accessible  for  the  purpose  of  regulating  the  amount  of 
oil,  the  temperature  of  the  furnace,  and  other  details  afiecting 
the  production  of  the  black. 

4th  Method. — A  somewhat  diflerent  method  was  patented 
in  1880  by  Nawrocki.  The  oily  matters  used  were  burnt  in  a 
series  of  lamps  arranged  in  a  row,  the  oils  being  heated,  if 
necessary,  to  ensure  proper  combustion.  Above  the  burners 
was  arranged  an  iron  plate,  against  the  bottom  of  which  the 
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flames  from  the  burners  impinged;  consequently,  the  combustion 
was  rendered  incomplete.  This  plate  is  circular  in  form  and 
made  to  revolve;  it  is  kept  as  cool  as  possible  by  the  upper 
surface  being  divided  by  ribs  into  a  number  of  compartments 
through  which  a  constant  stream  of  cold  water  is  made  to  flow. 
The  action  of  the  apparatus  is  as  follows : — The  lamps  are  lighted 
and  the  plate  caused  to  revolve;  the  black  forms  on  the  plate 
where  it  is  in  contact  with  the  oil  flames,  while  the  revolution 
of  the  plate  continually  brings  a  fresh  surface  for  the  deposition 
of  the  black ;  as  the  plate  revolves  it  comes  into  contact  with 
scrapers,  which  scrape  off  the  black  into  suitable  receptacles,  so 
that  a  fresh,  clean,  and  cold  surface  of  the  iron  plate  is  always 
exposed  to  the  flames,  and  the  maximum  amount  of  black  is 
produced  by  the  combustion  of  the  oil. 

The  process  is  a  slow  one,  and  the  yield  of  oil-black  is  not  so 
great  as  in  the  processes  above  described.  The  black  obtained 
in  this  way  is  rather  more  granular  in  its  formation,  and  has  a 
tendency  to  be  somewhat  harder  and  greyer  in  tint.  Should,  by 
any  accident,  any  of  the  black  be  exposed  to  the  action  of  the 
flames  for  too  long  a  period,  it  is  liable  to  be  overburnt,  and  is 
thereby  rendered  hard  and  almost  unusable  as  a  pigment. 

Sth  Method. — In  America  a  large  quantity  of  black  is  pro- 
duced by  the  combustion  of  the  natural  gas  which  flows  out  of 
the  ground  in  many  of  the  oil  regions.  This  black  is  made  in 
large  quantities,  and  sold  under  the  names  of  gas-black  or 
carbon-black.  The  principle  on  which  its  manufacture  is  based 
is  the  same  as  that  of  the  last  method — viz.,  the  cooling  of  the 
flames  of  the  burning  gas  by  iron  plates.  The  form  of  these 
plates  has  altered  during  the  time  which  has  elapsed  since  the 
industry  was  introduced ;  at  first  stationary  plates,  with  long 
trough-shaped  upper  surfaces,  were  adopted,  and  were  kept  cool 
by  means  of  a  current  of  water ;  these  were  found  to  be  subject 
to  certain  defects.  Thus,  water  was  condensed  on  the  lower 
surface,  which  interfered  with  the  proper  condensation  of  the 
black,  and  made  the  latter  damp ;  then,  the  black  formed,  not 
being  immediately  removed  from  the  action  of  the  flames,  was 
burnt,  and  became  granular  in  form,  greyer  in  tint,  and  much 
harder.  For  the  purpose  of  removing  the  black  from  the  plates, 
scrapers  were  passed  over  the  depositing  surface  from  time  to 
time.  Of  late,  these  fixed  depositing  plates  have  been  replaced 
by  revolving  plates  or  cylinders  which,  during  the  time  the 
black  is  being  deposited,  automatically  revolve,  and  so  the  black 
as  it  is  formed  is  removed  from  the  action  of  the  flames,  and, 
therefore,  cannot  be  overburnt.    As  the  plates  or  cylinders 
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revolve,  they  come  into  contact  with  fixed  scrapers,  which  remove 
the  black  from  the  surface  as  fast  as  it  is  formed.  Carbon-black 
differs  from  oil-lamp  blacks  in  being  granular  in  form  and  rather 
denser ;  it  is  blacker  in  hue  than  any  of  the  other  black  pigments. 
For  grinding  this  black,  steel  mills  are  preferable  to  stone  mills. 
It  is  the  purest  form  of  carbon-black,  made  quite  free  from  any 
trace  of  the  unburnt  oil  often  present  in  lamp-blacks,  and  from 
any  trace  of  mineral  matter.  (See  Oil  and  Golourman^s  Journal, 
June,  1891 ;  Journ,  Soc.  Chem,  Ind,,  February,  1894.) 

PROPERTIES  AND  COMPOSITION  OP  LAMP- 
BLACKS.— Lamp-black  is  in  the  form  of  a  black,  fiocculent 
powder  with  a  fine  texture ;  in  hue  it  is,  usually,  what  is  termed 
a  jet-black,  although  some  samples  have  a  faint  brownish  tinge. 
It  has  great  colouring  and  covering  powers.  It  is  rather  difficult 
to  mix  with  various  vehicles,  especially  with  water,  but,  when 
mixed,  it  works  well  as  a  paint ;  it  dries  rather  badly  when  used 
as  an  oil  paint,  especially  those  samples  which  contain  unburnt 
oil.  It  is  perfectly  permanent  as  a  pigment.  It  is  sold  in  the 
form  of  powder  and  also  as  a  paste  ground  with  oil,  of  which  it 
takes  27  per  cent. ;  or  with  turps,  of  which  it  takes  55  per  cent, 
to  form  a  stiff  paste.  Vegetable  black  is  a  more  voluminous 
black  than  lamp-black,  of  a  deep  jet-black  colour  and  very  fine 
texture.  Its  colouring  and  covering  powers  are  rather  greater 
than  those  of  lamp-black.  Oarbon-black  has  similar  properties 
to  vegetable  black,  but  has  a  slightly  more  granular  structure. 
These  blacks  are  used  for  making  printing  inks,  varnishes,  paint, 
and  for  other  purposes  where  a  fine  black  is  required. 

Lamp-black  consists  almost  entirely  of  carbon,  but  there  is  a 
small  quantity  of  moisture  and  mineral  matter  present  in  all 
samples.  Vegetable  and  carbon  blacks  are  nearly  pure  carbon. 
The  following  analyses  of  lamp  and  vegetable  blacks  will  show 
their  average  composition  : — 


Lamp-Blacks. 

Vegetable  Blacks. 

1. 

2. 

1. 

2. 

Carbon,  . 

93-5 

94-994 

98-87 

99-7 

Water,  . 

4-4 

1-806 

0-71 

0-3 

Ash, 

• 

2-1 

3-200 

0  42 

Samples  of  lamp-blacks  are  sometimes  met  with  containing 
small  quantities  of  oil ;  these  come  from  the  first  condensers ; 
such  lamp-black  is  defective,  for  two  reasons — 1st,  the  oil  pre- 
vents the  paint  made  from  the  black  drying  properly ;  2nd,  the 
oil  is  liable  to  cause  spontaneous  combustion,  so  that  it  is  no 
uncommon  occurrence  to  find  a  cask  of  lamp-black  almost  red 
hpt  after  standing  some  time. 
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Carbon-Blacks. — The  carbon-  or  gas-blacks  made  in  America 
are  of  very  pure  quality,  three  samples  examined  by  the  author 
had  the  following  composition  : — 

1.  2.  3. 

Carbon  and  occluded  gases,        .       .     97 '00     95 '1  96*5 

Moisture,  3*00       4*9  3*5 

Mineral  matter,  none     none  none 

These  blacks  have  small  quantities  (2  to  3  per  cent.)  of  gas 
occluded  within  them,  these  have  not  been  separately  investi- 
gated in  the  above  analyses. 

ASSAY  AND  ANALYSIS  OF  LAMP-BLACKS.— The 

blacks  just  dealt  with  can  be  assayed  for  colour,  colouring  power, 
and  covering  power  by  the  usual  methods.  Lamp-blacks  should 
contain  but  a  small  quantity  of  mineral  matter,  not  exceeding 
about  3*5  to  4  per  cent.  To  determine  the  amount,  2  grms.  should 
be  weighed  into  a  platinum  crucible,  and  the  black  heated  over  a 
Bunsen  burner  until  all  the  carbon  is  burnt  off,  and  nothing  but 
a  greyish  ash  remains ;  the  crucible  and  its  contents  are  now 
weighed,  and  the  weight  of  the  ash  ascertained.  Water  can  be 
determined  in  the  usual  way.  The  difference  between  the 
amount  of  water  and  ash  and  100  may  be  taken  as  carbon.  If 
the  black  shows  signs  of  its  containing  oil,  the  amount  of  this 
impurity  may  be  ascertained  by  treating  a  known  weight,  say 
about  5  grms.,  with  petroleum  ether  in  a  Soxhlett  extraction 
apparatus.  The  petroleum  ether  will  take  out  the  oil;  the 
ethereal  solution  is  run  into  a  weighed  glass,  and  the  ether 
evaporated  off  in  the  water  bath ;  the  combined  weight  of  the 
glass  and  oil  is  taken,  and  the  amount  of  oil  ascertained.  Vege- 
table blacks  are  analysed  in  the  same  way ;  they  should  have  no 
oil,  and  should  not  contain  more  than  0'5  per  cent,  of  water,  or 
0*25  per  cent,  of  ash.  Oarbon-blacks  should  resemble  vegetable 
blacks  in  their  composition. 

bone-black:. 

Bone-black,  or  animal  black  as  it  is  often  called,  is  prepared 
from  bones  by  a  process  of  charring  them  in  a  closed  vessel ;  the 
organic  matter  they  contain  is  decomposed,  much  volatile  matter 
is  given  off,  and  carbon  is  left  behind  along  with  the  mineral 
matter  of  the  bones. 

The  process  of  making  bone-black  may  be  carried  on  under  two 
conditions — 1st,  the  volatile  products  are  not  collected;  2nd,  they 
are  collected.  The  first  plan  is  the  one  generally  adopted,  as 
there  is  very  little  use  for  the  oily  matter,  known  as  Dippel's  or 
bone  oil,  which  is  obtained  by  the  dry  distillation  of  bones. 

1st  Process. — When  the  volatile  products  from  the  charring 
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of  the  bones  are  not  collected,  the  black  is  obtained  by  breaking 
up  the  bones  into  small  fragments  and  placing  these  in  clay 
crucibles,  fitted  with  a  cover,  which  is  not  fastened  down ;  this 
arrangement  allows  the  volatile  matter  to  escape,  but  excludes 
the  air,  the  access  of  which  would  cause  the  carbon  to  burn 
away.  Any  kind  of  furnace  for  heating  crucibles  will  answer. 
One  form  of  such  furnace  is  shown  in  Fig.  27.  The  furnace  has 
a  flat  hearth,  measuring  7|  yards  long  by  5  yards  wide,  and  in  the 


Fig.  27. — Bone-black  furnaces. 


centre  is  placed  the  fireplace,  which  is  fed  from  the  outside.  A 
low  firebrick  arch  extends  over  the  hearth,  from  the  bottom  of 
which  a  number  of  flues  pass  round  to  the  top  of  the  arch,  where 
they  are  in  connection  with  the  single  large  flue  that  carries 
away  the  products  of  combustion  of  the  fuel  used  and  the  small 
proportion  of  volatile  matter  from  the  bones  which  is  not  burnt 
up  in  the  furnace.  Doors  are  provided  in  the  sides  of  the  furnace 
and  the  arch  for  the  purpose  of  introducing  the  crucibles.  The 
crucibles  are  made  of  fireclay,  and  are  usually  eighteen  in  number; 
each  is  provided  with  a  lid ;  in  some  places  this  is  simply  placed 
loose  on  the  crucible,  in  others  it  is  luted  on  with  clay,  a  few 
holes  being  left  for  the  purpose  of  permitting  the  escape  of  the 
volatile  matter  from  the  bones.  When  all  the  crucibles  are 
placed  in  position  in  the  furnace  the  doors  are  bricked  up  and 
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the  fire  lighted.  The  temperature  is  slowly  raised  to  a  red  heat, 
at  which  it  is  maintained  for  from  six  to  eight  hours.  The 
temperature  should  be  kept  as  uniform  as  possible  during  the 
whole  of  this  period ;  at  the  end  the  fire  is  withdrawn  and  the 
furnace  allowed  to  cool  down.  Comparatively  little  fuel  is 
required  as  the  bones  give  off  a  good  deal  of  combustible  matter, 
which  assists  in  heating  the  furnace. 

When  the  furnace  is  sufiiciently  cool,  the  doors  are  opened  and 
the  crucibles  withdrawn ;  it  is  not  usual  to  allow  the  furnace  to 
cool  down  completely,  but  only  sufficiently  so  as  will  allow  the 
workmen  to  enter  and  work  comfortably ;  to  let  the  furnace  get 
quite  cold  means  a  loss  of  time,  and,  therefore,  fewer  charges 
worked  in  a  given  time,  as  also  a  greater  consumption  of  fuel  to 
heat  up  the  furnace  to  the  required  temperature.  It  is  important, 
however,  that  the  crucibles  should  not  be  opened  until  they  and 
their  contents  are  quite  cold ;  if  opened  while  they  are  hot, 
the  black  contained  in  them  would  take  fire  and  burn  away, 
thus  leading  to  a  loss  of  material.  When  the  furnace  is  emptied 
of  one  charge  it  is  ready  for  filling  with  a  second  charge.  Two 
charges  can  be  easily  worked  in  a  day  in  such  a  furnace,  and,  by 
working  hard,  three  charges  may  be  got  through,  each  charge 
being  about  half  a  ton,  and  yielding  about  60  per  cent,  of  its 
weight  of  black. 

After  the  black  is  taken  from  the  crucibles  it  is  ground  in  a 
mill,  care  being  taken  to  exclude  grit  and  other  materials  liable 
to  generate  sparks  by  friction  and  thereby  to  set  fire  to  the  black. 
If  the  black  is  to  be  used  as  a  pigment,  it  is  ground  into  a  fine 
powder ;  if  it  is  to  be  used  for  decolorising  purposes,  it  is  ground 
into  a  coarse  granular  material. 

2nd  Process. — When  it  is  desired  to  collect  the  volatile 
bodies  given  off  during  the  process  of  charring  the  bones,  the 
operation  is  usually  carried  out  in  earthenware  retorts,  such 
as  is  used  in  the  distillation  of  coal  or  wood ;  a  red  heat  being 
used.  The  volatile  portions  are  passed  through  a  series  of 
condensers  formed  of  iron  tubes  exposing  a  large  surface  to 
the  cooling  action  of  the  air,  by  which  operation  they  are 
separated  into  three  portions,  viz.  : — (1)  an  aqueous  liquor 
containing  a  fair  proportion  of  ammonia,  which  can  be  recovered 
by  the  usual  methods ;  (2)  oily  or  fatty  matter  having  a  very 
peculiar  and  unpleasant  odour,  which  may  be  used  for  preparing 
lamp-black,  and  is  used,  to  a  small  extent,  for  currying  leather  ; 
and  (3)  an  uncondensable  gas,  which  can  either  be  discharged 
into  the  atmosphere  or  used,  if  necessary  or  thought  desirable, 
as  fuel  for  heating  the  furnaces. 
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This  method  of  preparing  bone-black  is  rarely  used.  It  is 
important  that  after  the  operation  is  ended  that  the  fires  be 
withdrawn,  and  the  retorts  be  allowed  to  cool  down  completely 
before  they  are  emptied ;  if  opened  while  hot  the  black  will  take 
fire. 

PROPERTIES  AND  COMPOSITION  OP  BONE- 
BLACKS. — Bone-black,  as  sent  out  for  use  as  a  pigment,  is  a 
fine  powder,  of  a  greyish-black  hue,  varying  a  great  deal  in 
various  samples.  It  has  not  the  brilliant  hue  of  lamp-black, 
nor  its  depth  of  colour.  As  a  pigment  it  is  quite  permanent, 
and  works  well  in  both  oil  and  water,  mixing  easily  with  both 
these  vehicles.  It  is  a  slow  drier  when  used  as  an  oil-paint. 
The  chief  use  to  which  bone-black  is  put  is  in  the  preparation 
of  blacking,  where  the  large  quantity  of  calcium  phosphate  and 
carbonate  it  contains  gives  to  it  properties  which  are  as  impor- 
tant, perhaps  even  more  important,  than  its  colouring  powers. 

While  bone-black  owes  its  colour  to  carbon,  yet  it  consists 
principally  of  calcium  phosphate  and  carbonate  derived  from 
the  mineral  constituents  of  the  bones.  The  following  analyses, 
made  by  the  author,  of  bone-blacks  will  give  some  idea  of  their 
mineral  composition : — 


The  first  sample  contained  an  abnormal  quantity  of  water  for 
a  black  pigment,  and  also  contained  some  lamp-black. 

The  average  quantity  of  ash  contained  in  bone-blacks  is  75 
per  cent.,  of  which  60  per  cent,  is  phosphate  of  lime,  the  rest 
being  carbonate  of  lime,  with  traces  of  silica,  iron,  and  alumina. 
The  carbon  ranges  from  15  to  20  per  cent.  As  a  rule,  the  ash 
is  white,  or  of  a  pale  greyish  tint ;  sometimes  it  has  a  red 
tint  showing  that  it  contains  iron.  The  author  has  some 
suspicion  that  blacks  leaving  a  reddish  ash  are  not  pure  bone- 
blacks. 

ASSAY  AND  ANALYSIS  OF  BONE-BLACKS.— Bone- 
blacks  can  be  assayed  for  tint  or  colour,  colouring  power,  &c.,  by 
the  usual  methods.  An  analysis  of  it  may  be  made  in  the  same 
way  as  described  under  lamp-black.  The  mineral  matter  may  be 
further  tested  if  there  are  suspicions  that  the  sample  under 
analysis  has  been  made  by  mixing  lamp-black  with  some  mineral 
matter.  The  ash  which  is  left  behind  on  heating  the  black  in  a 
platinum  crucible  should  almost  entirely  dissolve  in  strong  hydro- 
chloric acid  without  much  efiervescence ;  on  adding  ammonia  a 


Water,  .... 
Ash  or  mineral  matter, 
Carbon, 


1. 

2412 
44-18 
31-7 


2. 

6-19 
77-97 
15-84 


3. 
7-11 

77-75 
15-14 


Animal  blacJ^. 


copious  white  precipitate  should  be  obtained ;  on  drying  and 
weighing,  this  should  amount  to  about  60  per  cent,  of  the  weight 
of  the  black.  To  the  filtrate  from  this  precipitate  ammonium 
oxalate  should  be  added  and  the  resulting  precipitate  filtered  off, 
dried,  and  weighed.  The  amount  of  it  should  be  about  15  per 
cent,  of  the  weight  of  the  black.  The  precipitate  with  ammonia 
should  be  powdery,  not  flocculent,  in  appearance ;  the  latter 
would  indicate  the  presence  of  alumina,  of  which  traces  only  are 
present  in  the  ash  of  pure  bone-blacks. 

IVORY-BLACK. 

Ivory-black  is,  or  should  be,  made  from  the  waste  cuttings  of 
ivory  by  the  same  process  as  bone-black  is  made  from  bones. 
Much  bone-black  is  sold  as  ivory-black.  In  composition  and 
properties  ivory-black  resembles  bone-blacks.  The  following  are 
some  analyses,  made  by  the  author,  of  ivory-blacks,  but  the 
genuineness  of  the  samples  is  not  guaranteed  : — 

1.  2.  3. 

Water,  .       .       .       .        7  05        7*41  8 '27 

Mineral  matter,     .       .       75-58  76-21  74  86 

Carbon,         .       .       .       17-37  16-38  16-87 

Ivory -black  has  usually  a  finer  and  more  brilliant  hue  than 
bone-black.    It  is  used  for  making  printing  ink,  blacking,  &c. 


ANIMAL  BLACK. 

Under  the  names  of  animal  black  and  animal  charcoal  a  num- 
ber of  black  pigments,  made  from  animal  matters  of  all  kinds  and 
by  various  processes,  are  sold  for  use  as  pigments  and  for  de- 
colorising purposes.  Animal  black  is  made,  much  in  the  same 
manner  as  bone-black,  from  all  kinds  of  animal  products,  waste 
pieces  of  leather,  skins,  hoofs,  horns,  hair,  &c.  In  the  process  of 
making  yellow  prussiate  of  potash  there  is  produced  a  large 
quantity  of  black,  which  was  at  one  time  thrown  away,  but  it  is 
now  largely  used  for  decolorising  sugar,  paraffin  wax,  &c. 

The  composition  of  animal  black  is  very  variable ;  the  following 
are  analyses  of  several  samples  of  these  blacks  sent  to  the  author 
for  analysis : — 

1.         2.         3.         4.         5.         6.  7. 

Water,  .  2875  28*11  36  70  45*50  24*12  27*75  6*19 
Ash,  .  29*22  30*71  34-80  24  70  44*18  0  74  77*97 
Carbon,  .       42*03     41*18     28*50     29*80     31*70     71*51  15*84 
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No.  6  had  a  most  peculiar  fetid  odour  and  contained  a  quantity 
of  unburnt  oil ;  from  its  appearance  and  composition  it  is  evident 
that  its  only  claim  to  the  name  of  animal  black  was  that  it  was 
made  by  the  lamp-black  process  from  bone  oil. 

No.  7  was  a  true  bone-black.  With  these  two  exceptions  the 
above  analyses  show  that  this  black  is  made  from  a  variety  of 
materials. 

Animal  black  can  be  used  for  all  purposes  to  which  black 
pigments  are  applied. 


This  black  is  named  "  Frankfort  black/'  because  it  was  first 
prepared  in  the  old  German  town ;  "  drop-black,'^  on  account  of 
the  shape  into  which  it  is  made  up  for  sale. 

Drop-black  is  made  from  a  great  variety  of  materials  of  an 
organic  character,  such  as  vine  twigs,  refuse  of  wine-making, 
peach  stones,  hop  bine,  bone  shavings,  ivory  cuttings,  &c.  These 
are  calcined  in  a  closed  vessel  until  they  are  thoroughly  charred. 
The  black  so  obtained  is  then  ground  up  as  fine  as  possible  with 
a  little  water ;  then  the  mass  is  lixiviated  to  free  it  from  soluble 
matters,  and  dried.  Then  it  is  mixed  with  a  little  glue  water 
and  made  up  into  pear-shaped  drops  for  sale,  for  which  purpose 
they  are  ready  when  dry. 

Drop-black  is  a  black  of  fine  texture,  varying  in  hue  from  a 
bluish-black  to  a  somewhat  reddish-black,  which  is  due  to  the 
different  materials  of  which  it  is  made ;  vegetable  matters  yield 
a  black  of  a  bluish  hue,  while  animal  matters  give  a  black  of  a 
greyish  hue. 

Drop-black  owes  its  colour  to  carbon,  the  amount  of  which 
varies  in  different  samples ;  it  also  contains  some  mineral  matter 
which  will  vary  in  amount  and  kind  according  to  the  character 
of  the  material  froQi  which  the  black  was  prepared.  The 
following  is  an  analysis  by  the  author  of  a  sample  of  drop-black : — 


Mineral  matter,        .       .       .       31*925  ,, 

The  mineral  matter  contained  phosphate  of  lime,  which  showed 
that  bones  had  been  used  in  making  this  sample. 

Drop-black  is  used  for  all  purposes  for  which  black  pigments 
are  required. 

German  black  is  a  synonym  for  drop-black. 


FRANKFORT  OR  DROP-BLACK. 


Water, 
Carbon, 


2-333  per  cent. 
65-742 


MISCELLANEOUS  BLACKS. 
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MISCELLANEOUS  BLACKS. 

Besides  the  black  pigments  described  above,  several  other 
substances  may  be  briefly  noticed,  which  have  been  proposed 
for  use  as  pigments,  or  have  been  so  used  on  a  small  scale. 

CANDLE  BLACK  is  a  kind  of  lamp-black  made  on  a  small 
and  extremely  limited  scale  from  the  flame  of  a  candle  by  holding 
a  cold  plate  over  it. 

PRUSSIAN  BLACK  is  made  by  calcining  Prussian  blue  in 
a  closed  vessel  until  the  residue  has  a  black  colour;  this  black 
is  a  mixture  of  carbon  and  oxide  of  iron,  and  usually  has  a 
brownish  tinge;  it  possesses  no  advantage  over  lamp-black  and 
is  more  expensive. 

BLACK  LAKE. — When  a  solution  of  sulphate  of  copper  and 
bichromate  of  potash  is  added  to  a  decoction  of  logwood  a  black 
precipitate  falls  down;  this,  after  being  washed  and  dried,  forms 
black  lake.  Too  much  bichromate  of  potash  should  be  avoided, 
as  it  has  a  tendency  to  turn  the  lake  grey;  the  substitution  of  a 
little  sulphate  of  iron  for  some  of  the  bichromate  improves  the 
lake,  while  reducing  the  risk  of  adding  too  much  of  the  chrome 
salt.  Black  lake  is  a  pigment  of  a  fine  hue  and  texture;  it  is 
not  permanent  when  used  as  a  pigment,  fading  on  exposure 
to  light  and  air. 

TANNIN-BLACKS  are  similar  pigments  to  the  last,  and 
are  made  by  adding  solutions  of  either  the  sulphate  or  the  so- 
called  "  nitrate  of  iron "  to  solutions  of  tannin  materials,  such 
as  sumach,  divi-divi,  myrobolans,  &c.  Their  production  from 
waste  leather  has  been  made  the  subject  of  a  patent;  the  leather 
scraps  are  boiled  in  an  alkaline  solution,  which  dissolves  out  the 
tannin  matter  used  in  tanning  the  leather;  to  this  solution  a 
mixture  of  alum  and  sulphate  of  iron  is  added  and  the  black 
precipitated.  The  tannin- blacks  have  a  bluish  hue;  they  have 
no  great  colouring  power,  and  are  not  permanent  when  exposed 
to  light  and  air.    They  have  been  very  little  used  as  pigments. 

CHABCOAL-BLACKS. — These  are  made  by  grinding  the 
charcoal  obtained  by  charring  soft  woods.  The  grinding  should 
be  well  done,  and  the  black  pigments  should  be  washed  with 
water  to  remove  any  soluble  matters  it  may  contain.  These 
blacks  are  mostly  sold  as  lamp-blacks,  carbon-blacks,  (fee.  In 
their  general  properties  they  resemble  the  lamp-blacks,  but  are 
a  little  more  granular  in  texture. 

COAL-BLACKS  have  been  made  by  grinding  coal  and  shale, 
but  it  is  doubtful  whether  any  are  now  used. 

LEAD-BLACK  is  the  sulphide  of  lead  made,  according  to  the 
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patent  specification,  by  taking  lead- fume  (i.e.,  the  powder  which 
collects  in  the  flues  of  lead  furnaces)  and  boiling  it  for  some  time 
with  a  solution  of  sodium  sulphide.  The  black  soon  forms.  It 
is  doubtful  whether  this  black  has  been  used  on  a  practical  scale. 
Its  permanency  is  doubtful,  as  it  is  possible  that  it  may  be  prone 
to  oxidation  to  lead  sulphate  and,  therefore,  to  decolorisation. 

PRUSSIATE  BLACK  is  the  black  residue  (consisting  mostly 
of  carbon)  which  is  obtained  as  a  bye-product  in  the  manufacture 
of  yellow  prussiate  of  potash.  This  is  collected  and  well  washed 
with  water,  when  it  is  ready  for  Hse.  It  is  largely  used  as  a 
decolorising  agent. 

MANGANESE-BLACK  is  the  oxide  of  the  metal  manganese 
found  naturally  and  simply  ground  up  very  fine  for  use  as  a 
pigment.  The  great  objection  to  its  use  as  a  pigment  is  its  great 
drying  properties.  Ifc  is  also  expensive,  and  possesses  no  material 
advantage  as  a  pigment  over  lamp-black. 

Blacks  have  been  proposed  to  be  made  from  other  materials 
by  mixing  ochres  with  peat  and  similar  carbonaceous  materials, 
and  calcining  the  mass  in  closed  vessels.  Spanish  black  is  a 
name  given  to  a  black  made  from  cork  shavings.  The  use  of  the 
black  sulphide  of  iron  was  patented  by  Glaus  in  1882,  but  it  has 
never  come  into  practical  use.  Aniline-black  has  been  proposed 
to  be  used  as  a  pigment,  but  its  great  expense  is  against  its 
practical  use  for  this  purpose.  It  is  made  by  dissolving  aniline 
hydrochlorate  in  water,  and  adding  to  it  a  solution  of  potassium 
bichromate  acidified  with  sulphuric  acid.  The  black  precipitate, 
which  rapidly  forms,  is  collected  and  washed. 

ACETYLENE  BLACK  is  a  carbon  black  obtained  from  the 
gas,  acetylene,  H2,  produced  by  the  action  of  water  on  carbide 
of  calcium.  Morehead  {Oil  and  Colourman^s  Journal,  August 
12,  1905,  p.  506)  introduces  the  gas  into  a  strong  cylinder,  adds 
some  oxygen,  and  then  explodes  with  an  electric  spark.  The 
carbon  is  deposited  inside  the  cylinder.  It  is  doubtful  whetlier 
this  black  has  any  advantages  over  other  carbon  blacks,  while 
its  cost  will  be  much  greater.  There  is  a  risk,  too,  of  the  carbon 
being  deposited  in  a  granular  form. 
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CHAPTER  IX. 
LAKES. 

Lakes  form  a  class  of  pigments  of  considerable  use  in  painting. 
They  were  among  the  pigments  used  by  the  early  Italian 
painters,  from  whom  their  use  has  descended  to  the  present 
time.  Pliny  gives  some  account  of  them,  and  from  this  descrip- 
tion the  origin  of  the  name  lake  "  can  be  gathered.  The  early 
Italian  dyers  for  certain  colours  used  what  was  known  as  "  lac/' 
which  was  either  the  product  now  known  under  this  name,  or  an 
analogous  body.  This  lac  requires  the  aid  of  tin  and  alumina  com- 
pounds before  the  colour  can  be  developed  and  fixed  on  the  fabric 
which  has  to  be  dyed  ;  during  the  process  of  dyeing  some  of  the 
colouring  matter  of  the  lac  combines  with  some  of  the  tin  and 
alumina  to  form  an  insoluble  body,  which  forms  a  kind  of 
coloured  scum  on  the  top  of  the  dye-vat ;  this  substance,  known 
to  the  Italian  dyers  as  "  lacca,"  was  collected,  dried,  and  sold 
to  artists.  In  the  same  way  other  laccse  were  obtained  when 
other  natural  dyestuffs  were  used  ;  gradually  methods  of  pre- 
paring these  laccae  were  discovered,  by  which  they  could  be 
obtained  direct  from  the  dyestuffs  themselves,  without  the 
necessity  of  troubling  the  dyer,  and  thus  has  arisen  the  prepara- 
tion of  the  lakes,  which  name  can  be  readily  traced  to  the  laccse 
of  the  Italian  dyers. 

Lakes  may  be  defined  to  be  compounds  of  an  organic  colouring 
principle  with  a  metallic  body.  The  organic  colouring  principle 
may  be  obtained  (as  it  was  in  the  early  times,  and  until  very 
recent  years)  from  natural  colouring  matters,  such  as  lac,  cochi- 
neal, Persian  berries,  fustic,  Brazil  wood,  sapan  wood,  &c.  ;  or  it 
may  be  derived  from  the  coal-tar  colours,  a  source  which  has 
only  lately  come  into  prominence  for  lake-making,  but  which 
promises  in  the  future  to  supplant  the  natural  colouring  matters 
for  this  purpose,  as  they  very  nearly  have  done  for  dyeing  textile 
fabrics. 

The  colouring  principle  of  most  natural  colouring  matters  is  of 
an  acid  or  phenolic  character,  and  will  combine  with  bases,  such 
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as  tin,  alumina,  iron,  lead,  antimony,  &c.,  to  form  coloured  bodies 
which  are  insoluble  in  water  ;  as  a  rule,  the  affinity  between  the 
two  bodies  is  so  great  that  the  lake  is  precipitated  when  a  solu- 
tion of  a  metallic  salt  is  added  to  one  of  the  colouring  matter. 
Theoretically,  a  lake  should  be  a  compound  of  the  colouring 
principle  and  the  metallic  base  combined  in  equivalent  pro- 
portions ;  but,  practically,  such  a  lake  does  not  exist ;  usually, 
the  base  largely  predominates.  This  excess  is  sometimes  acci- 
dental, but  often  purposely  made,  the  object  being  to  modify  the 
shade  of  the  lake,  as  is  the  case  with  Dutch  pink,  rose  pink,  and 
one  or  two  others.  Then,  again,  in  some  lakes  there  may  be 
small  traces  of  the  colouring  principle  carried  down  mechanically 
with  the  lake  during  the  process  of  making. 

Lakes  are  usually  made  by  preparing  a  decoction  of  the  colour- 
ing matter,  and  then  adding  to  this  a  solution  of  the  base  ;  as  a 
rule,  the  lake  forms  almost  at  once  ;  at  other  times,  the  addition 
of  a  small  quantity  of  a  solution  of  carbonate  of  soda  is  sufficient 
to  throw  down  the  lake.  By  preparing  alkaline  solutions  of  the 
colouring  matter  the  lake  is  thrown  down  at  once  on  adding  the 
solution  of  base  ;  this  method  is  not  always  applicable,  as  the 
alkali  sometimes  affects  the  shade  of  the  resulting  lake,  as  in 
making  alizarine-lakes. 

The  colouring  matters,  or  rather  their  colouring  principles,  may 
be  divided  into  two  groups.  One  includes  such  substances  as 
fustic,  Persian  berries,  and  cochineal,  which  may  be  called  sub- 
stantive, or,  as  some  writers  name  them,  "  mono-genetic,'^  colours, 
as  the  colour  does  not  depend  upon  the  mordant  or  base  used ; 
thus  Persian  berries  will  give  a  yellow  lake  with  either  alumina, 
tin,  or  lead,  although  there  are  some  minor  differences  in  the  tint 
or  shade  of  the  yellow  so  produced.  The  other  group  may  be 
called  adjective,  or  ^^poly-genetic,''  colours.  It  comprises  sub- 
stances like  alizarine,  fresh  logwood,  &c.,  in  which  the  colour  is 
only  developed  when  the  colouring  principle  is  combined  with  a 
base,  and  differs  with  the  base  used ;  thus  alizarine,  when  com- 
bined with  alumina  gives  a  red,  while  with  iron  it  gives  a  deep 
dull  violet;  again,  logwood  with  antimony  gives  a  violet,  with 
iron  a  blue-black,  and  with  chrume  a  deep  blue. 

All  lakes  should  be  quite  insoluble  in  any  vehicle,  such  as 
water,  oil,  turpentine,  or  spirit,  used  to  make  them  into  a  paint ; 
on  the  other  hand,  a  true  lake  is  always  more  or  less  transparent 
when  used  as  a  pigment,  and  lakes  are,  therefore,  mostly  used  as 
covering  or  glazing  colours  to  modify  the  tint  of  an  under  coat 
of  paint,  and  to  obtain  effects  which  are  not  obtainable  with 
opaque  pigments.    Some  lakes  are  rendered  nearly  opaque  by 
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mixing  the  materials  during  the  process  of  manufacture  with 
some  opaque  white  pigment,  by  which  the  body  or  covering 
power  of  the  lake  is  increased,  and  at  the  same  time  the  shade 
is  more  or  less  affected.  If  a  lake  dissolves  in  the  vehicle,  then 
all  its  properties  as  a  pigment  in  regard  to  its  body  or  covering 
powers  are  lost,  and  a  coloured  varnish  only  is  obtained  which 
will  not  do  the  work  it  is  intended  that  the  lake-paint  should 
do. 

In  the  following  pages  the  lakes  prejjared  from  the  natural 
colouring  matters  will  first  be  described,  then  those  prepared 
from  the  coal-tar  colours. 

RED  LAKES. — These  can  be  prepared  from  cochineal, 
madder,  Brazil  wood,  barwood,  and  one  or  two  other  natural 
products;  but  those  named  are  what  are  chiefly  used  commer- 
cially. Cochineal  yields  carmine,  crimson,  scarlet,  Florentine, 
and  a  few  other  lakes.  Brazil  wood  gives  rose-pink  and  some 
of  the  cheap  red  lakes.  Madder  yields  the  madder  lakes  so 
much  prized  by  artists,  but  which  are  too  expensive  for  common 
house-painting.  The  other  red  colouring  matters  are,  owing  to 
special  difficulties,  not  much  used  in  lake-making.  It  is  not 
intended  to  give  a  special  description  of  colouring  matters  used 
in  the  preparation  of  lakes;  if  the  reader  requires  such,  he 
should  refer  to  some  work  on  dyeing,  such  as  that  by  Knecht, 
Rawson  &  Lowenthal. 

CARMINE. — The  best  example  of  a  lake  is  probably  the 
pigment  carmine,  which  is  an  almost  pure  lake,  a  combination 
of  the  colouring  principle  of  cochineal  (carminic  acid)  with 
alumina  and  tin.  The  exact  method  by  which  it  is  made  from 
cochineal  has  never  been  published,  and  is  probably  only  known 
to  the  few  makers  of  this  lake,  although  various  descriptions  of 
processes  have  appeared  from  time  to  time;  some  of  these  are 
very  misleading,  and  have  probably  been  intentionally  made  so. 
The  pigment  has  been  known  for  more  than  200  years;  its  dis- 
coverer is  unknown,  although  according  to  one  statement  it  was 
a  Franciscan  monk.  In  1656  a  writer  named  Homberg  pub- 
lished a  recipe  for  making  it. 

The  chemical  nature  of  carmine  is  even  now  but  imperfectly 
understood,  although  it  and  its  source  cochineal  have  frequently 
been  examined.  In  the  main,  the  various  writers  agree  that 
carmine  is  a  combination  of  the  colouring  principle  of  cochineal 
(carminic  acid)  with  alumina;  but  there  is  always  present  small 
quantities  of  other  bodies,  which  renders  any  investigation  into 
its  composition  a  matter  of  some  difficulty. 

Liebermann  gave,  in  the  Berichte  der   Deutsche  chemische 
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Gesellschafty  vol.  xviii.,  p.  1,969,  the  following  analysis  of  a 
cochineal-carmine : — 


Moisture, 

Nitrogenous  matter, 
Ash, 

Colouring  matter,  , 
Wax,  . 


The  ash  contained- 


Stannic  oxide,  Sn  O2, 
Alumina,  AI2  O3,  . 
Calcium  oxide,  CaO, 
Magnesia,  Mg  0,  . 
Sodium  oxide,  Na2  0, 
Potassium  oxide,  K2  O,  . 
Phosphoric  acid,  P2  O5, . 


17  per  cent. 

20  „ 
7  „ 

56  „ 
traces. 


0  67  per  cent. 
43  09 
44-85 

1  02 
3-28 
3-56 
3-20 

99-62 


More  recently,  in  the  Journal  filr  prahtisclie  Chemie,  1890, 
No.  3,  Lafar  published  the  following  analysis  of  carmine : — 


Water, 
Ash,  . 

Nitrogenous  matter. 
Colouring  matter. 


As  sold. 
15*50  per  cent. 

6-87  „ 
23-26  „ 
54-37  „ 


Dried. 
...  per  cent. 
8-14  „ 
27-60  „ 
64-26 


The  ash  contained — 

Copper  oxide,  Cu  0,  . 
Stannic  oxide,  Sn  O2, . 
Alumina,  AI2  O3, 
Ferric  oxide,  Fcg  O3, 
Calcium  oxide,  Ca  O,  . 
Magnesia,  Mg  0, 
Sodium  oxide,  Na2  0, . 
Potassium  oxide,  K2  O, 
Phosphoric  acid,  P2  O5, 
Silica,  Si  O2, 
Carbonic  acid,  C  O2,  . 

The  two  analyses  agree  with  one  another  as  well  as  analyses 
of  a  commercial  and  variable  product  like  carmine  can  be 
expected  to  agree.  The  lime  and  alumina  in  the  ash  are  in 
the  proportion  of  2  CaO  :  AlgOg;  this  circumstance  would  point 
to  the  fact  that  carmine  is  not  purely  an  alumina  lake,  but  a 
lime-alumina  lake,  with  some  proteid  matter.  The  tin  and 
copper  in  the  ash  have  probably  been  derived  from  the  vessels 
in  which  the  cochineal  has  been  boiled,  as  it  is  often  recom- 
mended in  recipes  for  carmine-making,  to  make  the  decoction 


0*35  per  cent. 

0  14 

9i 

40-48 

it 

traces. 

44-20 

if 

0-61 

9i 

5-40 

>» 

3-20 

a 

2-71 

if 

0-60 

ff 

2-31 

>> 

CARMINE. 
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of  cochineal  in  two  vessels ;  the  other  constituents  are  of  no 
importance. 

The  following  methods  have  been  published  for  preparing 
carmine  : — 

1.  1  lb.  of  cochineal  is  extracted  by  boiling  in  water  for  from 
15  to  20  minutes,  the  decoction  is  strained  off,  1  oz.  of  alum  is 
added,  and  the  boiling  continued  for  a  few  minutes  longer ;  the 
clear  liquor  is  decanted  off  and  1  oz.  of  cream  of  tartar  added; 
the  mass  is  then  allowed  to  stand  for  the  carmine  to  settle. 

2.  Boil  up  2  lbs.  of  cochineal,  strain  off  the  decoction,  add 
2  ozs.  of  alum,  3  ozs.  of  muriate  of  tin  (a  solution  of  stannous 
chloride),  2  ozs.  of  carbonate  of  soda,  and  allow  to  stand  for 

2  days,  when  the  carmine  will  have  been  thrown  down. 

3.  1  lb.  of  cochineal  is  boiled  with  water  and  ^  oz.  of  carbonate 
of  soda ;  to  the  decoction  is  added  1  oz.  of  alum  and  3  drams  of 
cream  of  tartar;  the  mixture  is  allowed  to  stand  for  the  carmine 
to  be  deposited. 

4.  The  following  process  was  patented  by  Wood,  in  1856  : — 
9  ozs.  of  sodium  carbonate,  8  ozs.  of  citric  acid,  and  27  quarts  of 
water,  are  boiled  together;  then  IJ  lbs.  of  cochineal  are  added 
and  the  mixture  boiled  for  IJ  hours,  strained,  and  clarified;  the 
liquor  is  heated  to  the  boil  and  9  ozs.  of  alum  are  added ;  the 
mass  is  then  boiled  for  5  minutes  longer  and  allowed  to  stand  for 

3  days,  when  the  carmine  precipitated  is  collected,  washed,  and 
dried. 

A  recipe  was  published  by  Madame  Cenette,  of  Amsterdam,  a 
noted  maker  of  carmine,  but  this  is  defective,  and  carmine  cannot 
be  made  by  following  it. 

In  the  preparation  of  carmine  it  is  advisable  to  use  tin  or 
tinned-copper  vessels  for  boiling  the  cochineal  in,  as  a  small 
quantity  of  the  metal  dissolves  in  the  liquor  and  exerts  a 
beneficial  influence  on  the  carmine  which  is  produced.  Earthen- 
ware vessels  may  be  used,  but  iron  must  be  avoided,  as  any  trace 
of  iron  in  solution  affects  the  shade  of  the  carmine  rather  injuri- 
ously. The  use  of  too  much  alum  should  be  avoided,  as  it  tends  to 
reduce  the  colouring  power  of  the  carmine  and  also  to  alter  the 
tint,  turning  it  more  crimson,  while  the  shade  ought  to  be  a 
scarlet. 

Carmine  is  a  deep  fiery-scarlet  powder,  slightly  varying  in 
tint;  the  best  quality  is  known  commercially  as  "nacarat  car- 
mine." It  is  insoluble  in  water,  alcohol,  ether,  turpentine,  and 
all  the  vehicles  used  in  mixing  paints,  but  soluble  in  strong 
mineral  acids.  In  caustic  soda,  caustic  potash,  and  ammonia 
solutions,  it  dissolves  with  a  deep  crimson  colour,  from  which 
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solutions  the  carmine  can  be  precipitated  by  exposure  to  the  air 
or  by  the  addition  of  weak  acids  like  acetic  or  tartaric  acid ;  the 
carmine  so  obtained  is  very  little  changed  from  the  original,  so 
far  as  tint  is  concerned.  Solutions  of  salts  of  iron,  lead,  &c., 
have  an  injurious  effect  on  the  tint  of  the  carmine.  Carmine,  on 
being  heated  in  a  crucible,  burns  and  leaves  behind  from  7  to 
10  per  cent,  of  a  white  ash,  which  consists  principally  of  alumina 
and  lime,  as  will  be  seen  on  examination  of  the  analyses  given 
above. 

As  a  pigment  carmine  works  well  in  either  water  or  oil,  and 
is  used,  to  a  small  extent,  by  artists  as  a  glazing  or  tinting 
colour.  It  is  not  permanent,  as  a  few  months'  exposure  to  sun 
and  air  is  sufficient  to  impair  the  brilliancy  of  its  hue,  and  pro- 
longed exposure  causes  it  to  fade. 

Carmine  is  frequently  adulterated  with  other  lakes  and  red 
pigments.  The  fact  of  adulteration  may  be  ascertained  by  treating 
the  lake  with  ammonia,  when,  if  pure,  it  will  completely  dissolve  ; 
if  not  pure,  the  adulterant  is  left  as  an  insoluble  residue. 

CARMINE  LAKE. — In  preparing  carmine  the  whole  of  the 
colouring  matter  of  the  cochineal  is  not  precipitated,  and  therefore 
the  liquors  from  the  carmine  are  strongly  coloured,  and  are 
utilized  for  the  preparation  of  carmine  lake.  The  usual  method 
of  making  is  to  add  to  the  liquors  a  small  quantity  of  alum  (about 
one-fourth  of  the  weight  of  the  cochineal  used  in  making  the 
liquor  originally),  a  little  tin  chloride,  and  then  sufficient  potash 
carbonate  solution  to  precipitate  the  whole  of  the  alum  and  tin; 
the  precipitate  is  collected,  washed,  and  dried. 

Another  method  is  to  make  a  decoction  of  cochineal,  and  to 
add  to  this  freshly-precipitated  alumina  (obtained  by  adding 
ammonia  to  a  solution  of  alum,  and  collecting  the  precipitate 
of  alumina);  the  colouring  matter  is  absorbed  by  the  alumina, 
and  a  lake  is  formed;  only  sufficient  of  the  alumina  is  added 
as  will  produce  a  lake  of  the  required  depth  of  colour. 

1  lb.  of  cochineal  is  boiled  in  water,  and  1  lb.  of  cream 
of  tartar  or  carbonate  of  potash  is  added;  then  1  oz.  of  tin 
chloride  is  added,  and  sufficient  alum  to  throw  down  all  the 
potash  salt  and  the  colouring  matter  of  the  cochineal;  the  lake 
obtained  is  collected,  washed,  and  dried. 

CRIMSON  LAKE  (also  known  as  Florentine  lake). — 
These  lakes  resemble  the  carmine  lakes,  but  are  made  with  a 
larger  proportion  of  alumina.  In  making  it,  20  lbs.  of  cochineal 
are  boiled  with  water  for  about  five  minutes  ;  then  2J  lbs.  of 
cream  of  tartar  are  added  and  the  mixture  boiled  for  ten  minutes; 
then  the  mixture  is  allowed  to  flow  through  a  sieve  to  separate 
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out  the  great  bulk  of  the  cochineal  grains ;  the  liquor  is  allowed 
to  settle  for  24  hours  ;  the  next  day  the  clear  top  liquor  is  run 
into  a  tub,  1^  lbs.  of  alum  and  5  lbs.  of  cream  of  tartar  are 
added,  with  alumina  precipitated  from  |  cwt.  of  alum  by  28  lbs. 
of  carbonate  of  ammonia.  The  mixture  is  heated  to  the  boil, 
then  allowed  to  stand  for  the  precipitated  lake  to  settle  out; 
this  is  collected  on  a  filter,  rinsed,  drained  to  a  stiff  paste, 
moulded  into  the  small  cones,  and  dried.  Various  shades  of 
crimson  lake  are  made  by  proportioning  the  alumina  to  the 
cochineal ;  thus,  by  using  40  lbs.  of  cochineal  to  the  amount  of 
alumina  given  above,  a  deep  crimson  lake  is  got,  while  by  using 
10  lbs.  of  cochineal  a  pale  lake  is  obtained.  The  precipitated 
lake  is  moulded  into  the  form  of  drops. 

Scarlet  lakes  are  made  in  the  same  way  as  crimson  lakes, 
but  a  little  vermilion  is  added  to  tone  the  shade. 

BRAZIL-WOOD  LAKES.— 2  lbs.  of  Brazil  wood  are 
digested  in  8  gallons  of  water  for  24  hours ;  then  the  mass  is 
boiled  for  half-an-hour  or  so,  strained,  and  allowed  to  stand  for 
a  few  days  or  a  week ;  this  is  necessary  if  the  full  strength  of 
the  wood  is  to  be  utilised;  the  colouring  principle  in  fresh 
Brazil  wood  exists  in  the  form  of  brazilin,  which  of  itself  has 
little  colour ;  but  by  oxidation  it  is  converted  into  brazilein, 
which  possesses  strong  colouring  power;  this  change  occurs 
when  decoctions  of  the  wood  are  allowed  to  stand  for  some  time. 
When  the  decoction  is  ready  there  is  added  to  it  1 J  lbs.  of  alum, 
^  lb.  of  tin  chloride  solution,  and  then  sufiicient  carbonate  of  soda 
to  precipitate.    The  precipitate  is  collected,  washed,  and  dried. 

Another  method  is  to  prepare  a  decoction  as  before,  and  to 
add  to  this  sufiicient  freshly-precipitated  alumina  and  oxide  of  tin. 

A  variety  of  Brazil-wood  lake,  which  is  known  as  Vienna  lake, 
is  prepared  by  mixing  60  lbs.  of  starch,  20  lbs.  of  chalk,  and  2 
lbs.  of  gypsum  with  a  decoction  of  Brazil  wood ;  then  2  lbs.  of 
ground  alum  are  added,  and  the  mixture  stirred,  and  allowed  to 
stand  for  12  hours;  the  liquor,  which  will  be  fairly  free  from 
colour,  is  decanted  off*,  fresh  alum  and  decoction  of  Brazil  wood 
added,  and  the  stirring,  standing,  &c.,  repeated;  this  operation 
is  continued  until  the  lake  has  acquired  the  desired  shade.  At 
first  the  tone  is  inclined  to  be  violet-red,  owing  to  the  alkalinity 
due  to  the  chalk ;  but  as  this  becomes  neutralised  by  the  succes- 
sive additions  of  alum,  the  tint  becomes  crimson. 

HOSE  PINK  is  a  crude  kind  of  lake  of  a  dull  rose-red  colour 

*  When  exposed  to  light  and  air,  crimson  lake  fades  rapidly;  in  14  days 
it  will  have  faded  about  one-fourth,  in  60  days  to  about  one-half  its  original 
depth  ;  after  which  it  becomes  more  durable  and  fades  but  little. 
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prepared  from  Brazil  wood  by  making  a  decoction  of  the  wood  in 
the  usual  manner,  adding  some  gypsum  and  chalk,  and  then 
precipitating  with  alum. 

RED  LAKE. — In  a  patent  taken  out  in  1856,  Gatty  de- 
scribes a  process  for  making  a  red  lake  from  Brazil  wood  by 
adding  to  20  gallons  of  a  decoction  (sp.  gr.  7°  Tw.)  1  gallon  of 
antimony  chloride  at  52°  Tw.;  filtering,  washing,  and  drying 
the  precipitate. 

Messrs.  Roberts  Dale  patented  in  1857  a  process  of  pre- 
paring a  red  lake  from  barwood.  7  cwts.  of  barwood  are  boiled 
in  500  to  600  gallons  of  water,  and  50  lbs.  persulphate  of  tin 
diluted  with  water  added  thereto  ;  the  whole  is  boiled  for  3  to 
4  hours,  allowed  to  settle,  and  decanted ;  the  lake  formed  is 
washed,  filtered,  and  dried. 

Barwood  is  not  adapted  for  preparing  lakes,  as  the  colouring 
principle  it  contains  is  not  soluble  in  water,  and  the  tin  required 
to  produce  the  lake  must  be  added  to  the  wood  directly;  as  a 
consequence,  the  lake  so  prepared  is  apt  to  be  contaminated 
with  particles  of  the  wood. 

Another  method  described  in  the  same  patent  is  to  boil  bar- 
wood  in  a  solution  of  1  to  1^  oz.  of  carbonate  of  soda  per  gallon 
of  water,  whereby  the  colouring  principle  is  extracted;  to  the 
decoction  (after  straining  off  the  wood)  is  added  sufiicient  tin 
chloride  to  precipitate  the  lake. 

YELLOW  LAKES.— Dutch  Pink,  English  Pink,  and  Italian 
Pink,  are  inappropriate  names  given  to  lakes  of  rather  a  crude 
kind  prepared  from  quercitron  bark.  They  can  be  prepared  by 
boiling  2  lbs.  of  quercitron  bark,  straining  the  decoction,  and 
adding  1  lb.  of  alum ;  to  the  mixture  is  added  4  lbs.  of  fine  Paris 
white  in  small  quantities  at  a  time;  then  the  mass  is  placed  on 
one  side  for  2  or  3  hours,  collected,  washed,  and  dried.  By 
decreasing  the  quantity  of  Paris  white,  the  shade  of  the  yellow 
is  made  deeper.  Lakes  from  quercitron  are  used  in  painting 
theatrical  scenery,  as  they  do  not  lose  much  of  their  tint  under 
the  influence  of  gas  light. 

Another  method  is  to  use  \  lb.  of  fustic  extract,  and  2  lbs.  of 
gypsum,  and  to  precipitate  with  |  lb.  of  lead  acetate. 

YELLOW  LAKE. — This  is  prepared  from  Persian  berries  by 
{a)  boiling  1  lb.  of  the  berries  with  1  oz.  of  cream  of  tartar  in 
1  gallon  of  water,  straining,  and  to  the  clear  decoction  adding 
sufficient  alum  to  precipitate  the  lake,  (b)  1  lb.  of  the  berries 
is  boiled  with  1  lb.  of  alum  in  water ;  the  liquor  is  strained,  and 
then  sufficient  carbonate  of  potash  is  added  to  precipitate  the 
lake  ;  care  is  taken  to  avoid  an  excess  of  the  alkali,  as  this  would 
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redissolve  the  colouring  matter,  (c)  A  cheap  yellow  lake,  much 
employed  in  painting  scenery,  is  made  by  boiling  2|  lbs.  of 
Persian  berries  with  2J  lbs.  of  turmeric  in  water  for  some  time, 
then,  alter  straining  the  decoction,  adding  to  it  1^  lbs.  of  sul- 
phate of  alumina  and  6  lbs.  Paris  white,  allowing  the  mass  to 
stand  for  some  time,  filtering,  washing,  and  drying. 

(d)  Gatty's  Process. — To  20  gallons  of  a  decoction  of  quer- 
citron (7°  to  8°  Tw.)  is  added  1  gallon  of  antimony  chloride  at 
52°  Tw.    The  lake  is  precipitated,  washed,  and  dried. 

ORANGE -CARMINE  or  ORANGE  -  LAKE.  —  1  lb.  of 
Persian  berries  are  boiled  in  1  gallon  of  water  and  the  liquor 
strained ;  then  \  lb.  of  muriate  of  tin  (commercial  stannous 
chloride  solution)  added  and  sufficient  sodium  carbonate  to  pre- 
cipitate the  lake,  which  is  collected,  washed,  and  dried.  This 
lake  has  a  bright  orange  colour,  and  is  chiefly  used  by  calico- 
printers. 

Orange-Lake, — |  lb.  of  fustic  extract  is  dissolved  in  water,  and 
I  lb.  of  lead  acetate  added  thereto. 

Orange-Lake. — Precipitate  a  mixture  of  fustic  extract  and 
annatto  dissolved  in  a  little  carbonate  of  soda  with  alum  and 
tin  crystals. 

MADDER-LAKES. — These  are  largely  used  by  artists  on 
account  of  the  brilliancy  of  their  tint  and  superior  permanency 
over  other  lakes.  Several  methods  have  been  published  for  their 
preparation. 

{a)  Englefield's  Process. — Tie  2  oz.  of  madder  in  a  piece  of 
thin  cloth,  and  beat  it  well  in  1  pint  of  water  in  a  stone  mortar, 
and  repeat  the  process  with  5  successive  pints  of  fresh  water, 
until  the  material  ceases  to  yield  colour ;  the  mixed  liquors  are 
boiled  in  an  earthen  vessel,  and  1  oz.  of  alum  is  dissolved  in  the 
pint  of  water,  then  a  solution  of  ^  oz.  of  potassium  carbonate 
is  slowly  added,  and  the  mixture  allowed  to  stand  until  cold ;  the 
top  liquor  is  decanted  off,  and  the  lake  well  washed  in  hot 
water,  filtered,  and  dried. 

(6)  Macerate  2  lbs.  of  ground  madder  in  1  gallon  of  water  for 
10  to  15  minutes,  and  repeat  the  process  with  2  or  3  successive 
quantities  of  water;  the  liquors  are  mixed  and  ^  lb.  of  alum  is 
added;  the  mixture  is  gently  heated  nearly  to  the  boiling  point 
for  3  or  4  hours,  filtered,  and  a  solution  of  sodium  carbonate 
added  as  long  as  a  precipitate  falls ;  this  is  filtered,  well  washed 
with  water,  and  dried. 

(c)  2  lbs.  of  madder  are  steeped  in  tepid  water  for  26  hours, 
and  a  slight  fermentation  set  up,  whereby  the  decomposition 
of  the  glucoside  of  the  madder  is  effected^,  which  means  an  increase 
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in  the  colouring  power  of  the  extract;  to  the  mass  is  now  added 
a  solution  of  2  lbs.  of  alum,  the  mixture  being  maintained  at 
about  150°  F.  from  3  to  6  hours,  when  the  liquor  is  strained  and 
precipitated  with  sodium  carbonate  as  long  as  a  precipitate  falls 
down;  the  precipitate  is  filtered,  washed,  and  dried  as  usual. 

{d)  Add  to  the  decoction  of  madder  a  small  quantity  of  acetate 
of  lead  solution,  which  throws  down  a  brown  colouring  matter 
which  is  present  in  the  dyestulf;  after  filtering  this  off,  the  clear 
liquor  is  treated  with  alum  and  tin  as  usual. 

(e)  Garancine  is  a  more  or  less  purified  madder,  the  useless 
glucoside  (or  ruberythric  acid)  of  which  has  been  converted  into 
useful  colouring  matter,  and  may  be  used  in  the  preparation 
of  madder  lakes.  The  process  is  to  treat  1  lb.  of  the  garancine 
with  successive  portions  of  a  boiling  solution  of  J  lb.  of  alum 
in  2  gallons  of  water,  using  altogether  about  2  gallons;  after 
extraction,  the  liquor  is  filtered,  and  allowed  to  cool,  when 
the  colouring  matter  separates  out  as  a  fiocculent  precipitate  ; 
this  is  collected  and  dissolved  in  ammonia,  and  to  the  solution  is 
added  alum,  or  a  mixture  of  akim  and  tin  chloride,  sufiicient  to 
precipitate  the  colouring  matter.  The  depth  of  colour  of  the 
lake  depends  upon  the  amount  of  alum  used,  provided  there  be 
sufficient  ammonia  to  precipitate  all  the  alum  added;  the  more 
alum  the  paler  the  tint  of  the  lake. 

(/)  Persoz  Process. — 1  lb.  of  garancine,  and  1  lb.  of  sodium 
sulphate  are  boiled  together  in  18  pints  of  water;  to  the  mixture 
is  added  1  lb.  of  alum,  previously  dissolved  in  water,  and  the 
mass  allowed  to  stand  for  some  time  for  the  alum  to  extract  the 
colouring  principle  of  the  garancine  ;  the  mass  is  next  strained, 
and  to  the  clear  liquor  is  added  1  lb.  of  lead  acetate ;  lead  sul- 
phate is  precipitated,  and  this  is  filtered  ofi";  on  boiling  the  clear 
filtrate  the  lake  formed  is  collected,  washed,  and  dried. 

MADDER  RED  LAKES. — {a)  By  combining  both  madder 
and  cochineal  bright  carmine-red  lakes  can  be  prepared.  A 
decoction  of  madder  and  alum  is  prepared  in  the  manner  de- 
scribed above  under  madder  lakes  (c) ;  to  this  is  added  an  am- 
moniacal  solution  of  cochineal  (prepared  by  digesting  1  lb.  of 
cochineal  in  4  ozs.  of  ammonia  diluted  with  its  own  volume  of 
water  for  a  few  days)  as  long  as  a  precipitate  falls  down.  This 
is  collected,  washed,  and  dried. 

(6)  A  cheap  red  lake  can  be  made  by  mixing  decoctions  of 
madder  and  Brazil  wood,  adding  carbonate  of  soda,  and  preci- 
pitating with  alum,  or  alum  and  tin,  in  the  usual  way.  The 
recipes  for  preparing  madder  and  Brazil  wood  lakes  may  be 
combined  to  produce  the  compound  lake. 
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Madder  only  contains  the  colouring  principle,  alizarine,  in 
comparatively  small  proportion;  with  it  is  associated  other 
colouring  matters  and  impurities,  which,  as  a  rule,  are  more 
soluble  in  boiling  than  in  cold  water;  hence  it  is  necessary  to 
avoid  extracting  madder  with  boiling  water,  otherwise  these 
impurities  pass  into  the  extract  and  injuriously  affect  the  tint 
of  the  resulting  lake.  The  bulk  of  the  colouring  matter  exists  in 
the  madder  in  the  form  of  a  glucoside  named  ruberythric  acid; 
this,  by  fermentation,  is  converted  into  the  colouring  principle, 
alizarine.  It  is  well  to  take  advantage  of  this  in  the  process  of 
preparing  madder  lake  by  steeping  the  madder  in  a  little  tepid 
water  for  a  day  or  so,  and  then  extracting  the  colouring  principle 
with  alum  as  described  under  method  (c)  above. 

Madder  lakes,  when  pure,  are  fairly  bright  in  tint,  and  good  as 
regards  both  their  covering  and  colouring  powers.  They  are 
almost  entirely  soluble  in  solutions  of  caustic  potash  or  caustic 
soda,  but  not  in  weak  ammonia,  which  character  serves  as  a 
distinguishing  point  from  carmine.  Boiled  with  dilute  sulphuric 
or  hydrochloric  acid  madder  lakes  are  decomposed,  alizarine,  the 
colouring  principle  of  the  madder,  being  liberated  as  a  brownish- 
yellow  precipitate.  When  used  as  pigments  they  are  more  per- 
manent than  other  lakes  ;  in  dry  air  they  are  nearly  permanent, 
but  in  moist  air  they  fade  a  little. 

GREEN  LAKES. — Chinese  green  and  sap  green  are  similar 
to  lakes  in  composition  and  properties ;  they  have  already  been 
described.  There  are  no  other  green  pigments  prepared  from 
vegetable  dyestuffs  by  precipitation  as  lakes ;  most  of  what  are 
sold  as  green  lakes  are  either  lakes  made  from  coal-tar  colours 
(as  described  below)  or  with  mixtures  of  either  Prussian  blue  or 
indigo  and  gamboge,  not  true  lakes. 

VIOLET  LAKE. — (1)  A  violet  lake  can  be  made  by  adding 
2  J  gallons  of  antimony  chloride,  at  52°  Tw.,  to  each  16  gallons  of 
a  decoction  of  logwood  (10°  Tw.).  The  lake  is  immediately  pre- 
cipitated, and  is  filtered,  washed,  and  dried. 

(2)  3  lbs.  of  alum  are  dissolved  in  1  gallon  of  water,  and  to  the 
solution  is  added  2 J  lbs.  of  lead  acetate  previously  dissolved  in  a 
little  water;  the  precipitated  sulphate  of  lead  is  filtered  off  and  the 
clear  liquor  is  used  in  preparing  the  lake.  6  lbs.  of  logwood  are 
made  into  a  decoction  with  10  gallons  of  water,  and  to  10  gallons 
of  this  liquor  1  gallon  of  lead-alum  liquor  is  added ;  the  lake  pre- 
cipitated is  collected,  washed,  and  dried.  It  has  a  fine  violet 
colour,  but  is  not  fast. 

The  lake  colours  are  often  sold  in  the  form  of  pastes  for  the 
purpose  of  colouring  beverages,  sweets,  &c.    The  author  has  had 
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occasion  to  make  analyses  from  time  to  time  of  such  pigments, 
and  the  following  are  selections  from  such  analyses  : — 

ANALYSES  OF  LAKE  COLOURS. 

I.         2.         3.  4.        5.  6.  7. 

Water,       .       .     80-40  80 -QO  79-45  68-2  79-45  82-0  88  75 

Ash,    .       .       .       6-55       9-55  10-20  19-9  10-60  9-3       3  00 

Colouring  matter,      12*85  10-45  10*35  11*9  9*95  8-7  8-25 

100  00    100-00    100  00    100  0    100  00    100  0    100  00 

1.  Scarlet  from  Lima  wood  with  alumina. 

2.  Orange-scarlet  from  peach  wood  with  alumina. 

3.  A  brownish-yellow  from  Persian  berries  with  alumina. 

4.  Olive-yellow  from  Persian  berries  with  lead  and  chalk. 

5.  Orange  made  from  fustic  and  annatto  with  alum  and  tin. 

6.  Violet-brown  from  Lima  wood  with  alum,  lead,  and  iron. 

7.  Blue-black  from  logwood  and  iron. 

General  Considerations  on  Lake-making. — The  prepara- 
tion of  lakes  is  a  matter  of  some  difficulty,  especially  when  it  is 
desired  to  prepare  successive  batches,  perhaps  at  some  consider- 
able interval  of  time,  of  the  same  depth  and  brilliance  of  colour. 
This  difficulty  arises  almost  entirely  from  the  variable  character 
of  the  dyestuffs  or  colouring  matter  used,  the  natural  colouring 
matters  varying  considerably  in  actual  colouring  power ;  this 
makes  it  impossible  for  the  users,  either  lake-makers  or  dyers, 
to  always  work  from  very  definite  recipes  ;  these  must  be  modified 
from  time  to  time,  according  to  the  actual  strength  of  the  batch 
which  is  being  used.  If  the  colouring  power  of  the  dyestuff  is 
weak,  then  more  must  be  used  to  produce  a  lake  of  a  given 
shade  than  if  the  colouring  power  is  either  normal  or  above  the 
average;  or,  if  no  more  dyestuff  is  used,  then  the  proportion 
of  base  must  be  varied  to  suit  the  strength  or  colouring  power 
of  the  dyestuff. 

The  depth  of  tint  or  colour  of  the  lake  which  is  prepared 
depends,  as  may  naturally  be  inferred,  on  the  proportions  of  the 
base  or  preci])itating  agent  to  the  colouring  matter ;  the  greater 
the  proportion  of  base  the  paler  will  be  the  tint  of  the  lake 
produced.  As  the  preparation  of  lakes  is  a  chemical  operation 
depending  upon  the  combination  of  the  colouring  principle  of  the 
dyestuff  with  the  base  (alumina,  tin,  &c.),  there  will  be  a  definite 
relationship  between  the  two  bodies,  resulting  in  the  formation 
of  a  lake  having  the  maximum  depth  of  colour.  What  these 
proportions  are  has  not  yet  been  determined ;  they  necessarily  vary 
with  different  colouring  matters,  and  even  with  different  batches 
of  the  same  colouring  matters.     Any  excess  of  dyestuff  used 
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over  these  proportions  does  not  lead  to  any  increase  in  the  depth 
of  the  lake  formed,  but  such  excess  is  left  unused,  and  may  pro- 
bably be  thrown  away ;  on  the  other  hand,  any  excess  of  base 
reduces  the  tint  of  the  lake,  as  has  been  explained  above. 

After  precipitation,  the  lake  should  be  well  washed,  and  dried 
slowly  at  as  low  a  temperature  as  possible.  Usually  lakes  are 
made  up  in  the  form  of  conical  masses,  drops,  or  troches;  this  is 
done  by  mixing  a  small  quantity  of  gum  or  glue  water  with  the 
wet  lake,  then  pressing  the  mass  into  moulds,  or  moulding 
between  the  fingers,  then  drying  in  the  usual  way. 

The  following  description  of  the  reactions  given  by  various 
chemical  reagents  with  decoctions  of  the  principal  natural  dye- 
stuffs  used  in  lake-making  may  be  found  of  use,  especially  in  the 
examination  of  lakes  for  the  purpose  of  ascertaining  how  they 
are  made  ;  but  it  may  be  pointed  out  that  it  will  always  be 
advisable  for  the  analyst  to  make  such  experiments  on  his  own 
account,  for  the  purpose  of  observing  the  exact  shade  of  colora- 
tions produced,  as  it  is  impossible  to  convey,  with  sufficient 
exactitude,  an  idea  of  the  actual  tint  of  any  coloration  or 
precipitate  which  may  be  produced. 

Cochineal. — Aluminium  sulphate  gives  a  bright  crimson 
solution ;  on  the  addition  of  sodium  or  potassium  carbonate  a 
crimson  precipitate  falls  down.  Stannous  chloride  gives  a  dull 
pur[)lish  coloured  precipitate  ;  copper  sulphate  a  purple  pre- 
cipitate ;  ferric  chloride  a  brown  precipitate ;  caustic  soda  a 
bluish-crimson  solution.  Strong  sulphuric  acid  changes  the 
colour  of  the  decoction  to  an  amber  colour,  and,  on  adding 
water,  a  pale  yellow  solution  is  obtained. 

Brazil  Wood. — Aluminium  sulphate  gives  a  red  precipitate. 
Stannous  chloride  throws  down  a  pale  crimson  precipitate  j  lead 
acetate  a  violet-rose  precipitate ;  ferric  chloride  a  chocolate- 
brown  precipitate ;  copper  sulphate  a  brick-red  precipitate ;  and 
caustic  soda  forms  a  crimson  solution.  Strong  sulphuric  acid 
changes  the  colour  of  the  decoction  to  a  red-brown,  and  on 
diluting  this  with  water  a  pale  amber  solution  is  obtained. 

Persian  Berry. — Aluminium  sulphate  has  no  action.  On 
further  adding  ammonia  or  caustic  soda,  a  brownish-olive  pre- 
cipitate falls  down,  while  alkaline  carbonates  throw  down  a 
brighter  yellow  precipitate.  Stannous  chloride  throws  down 
an  olive-yellow  precipitate,  lead  acetate  a  yellow-brown  preci- 
pitate, and  ferric  chloride  a  dark  olive-green  precipitate.  Nitric 
acid  forms  a  red  solution.  Strong  sulphuric  acid  forms  a  yellow- 
brown  solution,  and  on  adding  water  a  brown  precipitate  falls 
down. 
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Quercitron. — Aluminium  sulphate  throws  down  an  ochre- 
yellow  precipitate,  stannous  chloride  an  orange-yellow  precipi- 
tate, lead  acetate  a  dark  yellow-brown  precipitate,  copper 
sulphate  a  brownish-olive  precipitate,  and  ferric  chloride  a  dark 
olive-green  precipitate.  Caustic  soda  forms  a  dark  yellow- 
brown  solution,  from  which  acids  throw  down  a  yellow-brown 
precipitate.  Strong  sulphuric  acid  forms  a  brownish-yellow 
solution,  from  which,  on  adding  water,  a  dark  brown  precipitate 
falls  down. 

Fustic. — Aluminium  sulphate,  stannous  chloride  and  lead 
acetate  throw  down  orange-yellow  precipitates;  the  first  is 
bright,  the  last  rather  duller  than  those  with  the  other  two  salts. 
Copper  sulphate  throws  down  a  dull  yellow  precipitate,  and 
ferric  cliloride  a  dark  olive-brown  precipitate.  Strong  sulphuric 
acid  forms  a  brown-yellow  solution,  from  which,  on  diluting 
with  water,  a  brown  precipitate  falls  down. 

Annatto. — Aluminium  sulphate  throws  down  a  brownish 
precipitate,  stannous  chloride  an  orange-red  precipitate,  ferric 
chloride  a  red-brown  precipitate,  while  strong  sulphuric  acid 
forms  a  dirty  yellow-brown  solution. 

Turmeric. — Aluminium  sulphate  gives  a  yellow  precipitate, 
ferric  chloride  a  brownish-yellow  precipitate,  and  stannous 
chloride  a  yellow  precipitate.  Caustic  soda  forms  an  amber 
solution,  and  strong  sulphuric  acid  a  pale  yellow  solution. 

Logwood. — Aluminium  sulphate  changes  the.  colour  of  the 
decoction  to  a  crimson-red  ;  ferric  chloride  throws  down  a  bluish- 
black  precipitate ;  potassium  bichromate  causes  the  formation 
of  a  black  gelatinous  mass  after  standing  a  short  time;  copper 
sulphate  throws  down  a  violet-black  precipitate,  and  antimony 
chloride  a  violet  precipitate  ;  caustic  soda  changes  the  colour  of 
the  decoction  to  a  violet,  while  hydrochloric  acid  turns  it  red. 

COAL-TAR  LAKES. 

The  use  of  the  great  range  of  coal-tar  dyes  for  the  preparation 
of  lake-pigments  has  grown  very  extensively,  and  of  late  the 
colour  manufacturers  have  given  more  and  more  attention  to 
the  production  of  dyes  and  bases  suitable  for  making  into 
pigments,  and  also  to  processes  for  their  preparation ;  hence,  one 
now  finds  such  dyes  as  the  Lithol  Red  R  of  the  Badische  Anilin 
und  Soda  Fabrik,  Excelsior  Lake  Scarlets,  Nitrotoluidine  C  of 
Messrs.  Leopold  Cassella  &  Co.,  the  Heliopurpurine  and  Helio- 
orange  of  the  Farbenfabriken  vorm  Fr.  Bayer  &  Co.,  the 
Grapholite  Orange  and  Grenate  Base  of  K.  Oehler  and  the 
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Lake  Red  C,  Carminogeii  BB  and  the  Pigment  Yellows,  and 
Reds  of  the  Farbwerke  vorm  Meister  Lucius  Bruning.  The 
following  specification  of  English  patents  may  be  consulted, 
containing  as  they  do  information  as  to  the  preparation  of  these 
new  products  and  their  transformation  into  lake  pigments,  and 
processes  of  preparing  lakes: — No.  15,493  of  1903,  JSTos.  1,389, 
2,469,  6,217,  6,839,  6,840,  7,953,  9,674,  9,861,  and  14,634 
of  1904. 

These  coal-tar  colour  lake-pigments  are  now  made  and  sold 
under  a  variety  of  fancy  and  proprietary  names  for  use  in  paper- 
staining,  printing  paper-hangings,  calico  printing,  letterpress 
and  lithographic  printing,  and  play  no  little  part  in  the  process 
of  three-colour  process  printing.  In  many  cases  they  have  dis- 
placed some  of  the  older  colours,  especially  such  as  emerald- 
green,  which  is  rather  poisonous,  and  vermilion,  which  is 
expensive.  The  recently  introduced  Pigment  Yellows  of  the 
Farbwerke  are  worth  attention  as  substitutes  for  the  lead- 
chrome  pigments. 

The  aniline  or  coal-tar  lakes  are  not  true  lakes,  although  they 
are  prepared  by  precipitating  a  coal-tar  colour  with  a  suitable 
precipitating  agent ;  they  always  contain  another  substance  in 
addition  to  the  lake  proper,  which  is  added  for  the  double  purpose 
of  increasing  the  covering  power  or  body  of  the  lake  as  well  as,  in 
many  cases,  of  modifying  or  toning  down  the  shade  ;  at  the  same 
time  it  reduces  the  cost  of  the  lake  and  brings  it  within  the 
purchasing  power  of  painters  for  use  in  common  decorative  work. 
Three  things  are  required  in  the  preparation  of  coal-tar  colour 
lake-pigments — 1st,  the  colour ;  2nd,  the  precipitating  agent ; 
3rd,  the  base  or,  as  it  is  sometimes  called,  the  carrier. 

1st.  THE  COLOURING  MATTER.— The  dyestuffs  pre- 
pared from  coal-tar  products  may  be  divided  into  16  groups 
according  to  their  chemical  composition  and  relations  ;  but  for 
the  present  purpose  they  may  be  divided  into  three  groups 
differing  from  one  another  in  the  character  of  the  methods 
used  in  preparing  lakes  from  them.  Although  something  like 
300  different  coal-tar  colours  are  to  be  found  in  the  market,  yet, 
for  various  reasons  which  will  be  pointed  out  later  on,  many  of 
these  cannot  be  used  in  the  preparation  of  lake-pigments. 

1.  Basic  Colours. — These  dyestuffs  are  salts  of  certain  com- 
plex organic  bases  prepared,  in  the  first  instance,  from  aniline, 
toluidine,  &c.  They  include  such  dyestuffs  as  magenta,  brilliant 
green,  auramine,  aniline-blue,  methyl-violet,  Bismarck  brown, 
benzofiavine,  rhodamine,  &c.  These  colouring  matters  form,  with 
certain  weak  organic  acids,  such  as  tannic  acid,  picric  acid,  &c., 
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coloured  precipitates,  and  it  is  on  this  property  that  their  use  in 
the  preparation  of  lake-pigments  is  based. 

(a)  Colouring  matters  precipitated  hy  tannic  acid. — All  the  basic 
coal-tar  dyestufFs  are  precipitated  by  tannic  acid,  but  the  following 
are  of  special  value  as  lake-pigment  makers  : — magenta,  safranine, 
auramine,  aniline-blue,  brilliant  green,  methyl-green,  new  green, 
Nile  blue,  rhodamine,  phosphine,  methyl- violet,  Paris  violet, 
Hofmann  violet,  Bismarck  brown,  chrysoidine,  quinoline-yellow, 
benzoflavine,  pyronine  G.  The  combination  between  the  tannic 
acid  and  the  colouring  matter  is  a  chemical  one  and  takes  place 
in  definite  proportions ;  but,  as  these  dyestufFs  are  rarely  sold 
pure,  only  approximate  quantities  can  be  given  in  any  recipes  for 
their  transformation  into  lake-pigments.  There  is  one  point  to 
be  noticed  in  connection  with  the  precipitation  of  these  basic 
colours  with  tannic  acid,  which  is  that  the  precipitated  lake  has 
the  property  of  carrying  down  with  it  some  of  the  colouring 
matter  in  a  free  form. 

It  is  best  to  use  tartar  emetic  along  with  the  tannic  acid  in 
making  the  lakes,  so  as  to  form  a  double  combination  of  the 
tannic  acid  with  the  colouring  matter  on  the  one  hand  and  with  the 
antimony  of  the  tartar  emetic  on  the  other,  which  has  a  material 
influence  on  the  complete  precipitation  of  the  dyestuff  and  on  its 
fastness  to  light  and  air. 

One  fault  of  the  tannic  lakes  is  that  when  used  as  oil  colours 
they  do  not  dry  well  or  completely;  the  cause  of  this  lies  with 
the  tannic  acid,  which  exerts  a  retarding  action  on  the  drying  of 
linseed  oil,  and,  if  present  in  large  proportions,  will  almost  com- 
pletely prevent  the  oil  from  drying.  Hence  tannic  acid  lakes 
cannot  be  used  with  satisfactory  results  as  oil  colours,  but  for  all 
other  vehicles  they  are  quite  satisfactory.  The  precipitation  of 
the  lakes  is  more  complete  if  sodium  acetate  be  added ;  this  acts 
by  neutralising  the  hydrochloric  acid  which  is  liberated  from  the 
colour  by  the  action  of  the  tannic  acid  and  which  exerts  a  solvent 
action  on  the  colour  lake,  the  free  acetic  acid  formed  from  the 
sodium  acetate  having  no  such  action.  The  tartar  emetic  has  a 
similar  action  (see  below). 

{h)  Colouring  matters  precijntated  hy  picric  acid. — This  sub- 
group includes  auramine,  night-blue,  methyl-blue,  methyl-green, 
brilliant  green,  safranine,  and  a  few  others.  Picric  acid  being 
itself  a  yellow  dyestuff,  it  is  obvious  that  the  shade  of  the 
resulting  colour  lake  must  be  modified  thereby;  thus,  the  greens 
which  are  naturally  of  a  blue  shade  and  are  so  precipitated  by 
tannic  acid,  are  thrown  down  by  picric  acid  of  a  yellow-green 
tone,  while  the  reds  take  a  yellower  tone,  and  the  blues  become 
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greenish.  The  picric  acid  lakes  may  be  used  as  water-colours, 
but  they  cannot  well  be  used  as  oil-colours,  for  the  oil  does  not 
dry  properly;  they  thus  resemble  the  tannic  acid  lakes,  but,  if 
anything,  the  defect  is  stronger. 

2.  Acid  Colouring  Matters. — The  term  "  acid  "  as  here  used 
has  special  reference  to  the  fact  that  the  colours  comprised  in  this 
group  are  dyed  on  to  wool  or  silk  from  baths  containing  a  small 
quantity  of  free  acid  and  not  to  the  fact  that  the  colours  them- 
selves are  of  an  acid  character,  although  many  of  them  are. 

Some  of  them  are  derived  from  the  basic  colours  by  a  process 
of  sulphonation,  by  which  means  they  are  rendered  capabJe  of 
dyeing  wool  or  silk  from  acid  baths,  which,  previously,  they  were 
not  capable  of  doing.  The  great  majority  of  the  acid  colours  are 
what  are  called  azo- colours,  that  is,  bodies  characterised  by  con- 
taining a  group  of  two  nitrogen  atoms,  — N  =  N — ,  combined 
with  some  organic  radicle  of  a  basic  or  phenolic  character;  in 
some  colouring  matters  there  is  more  than  one  such  group. 
Other  dyestuffs  belonging  to  this  group  are  nitro-derivatives, 
usually  of  phenols. 

These  colouring  matters  are  precipitated  from  their  solutions 
by  acids  and  metallic  salts  (such  as  lead  acetate,  barium  chloride, 
alumina  sulphate,  alum,  zinc  sulphate,  magnesium  sulphate,  &c.) 

Naturally,  they  vary  much  in  the  degree  or  ease  with  which 
they  are  precipitated.  Some  are  thrown  down  by  all  the  agents 
above  noted ;  others,  again,  are  only  precipitated  by  one  or  two 
of  the  salts.  Others,  again,  require  the  solutions  to  be  slightly 
alkaline  before  they  are  precipitated.  The  following  lists, 
showing  how  these  acid  dyes  are  precipitated,  will  illustrate  this 
point. 

(a)  Colours  precipitated  by  lead  acetate, — Lead  acetate  will  pre- 
cipitate a  very  large  number  of  the  coal-tar  colours  belonging  to 
the  acid  group;  in  some  cases  the  precipitated  lake  is  of  sufficient 
good  colour  to  be  of  service  in  making  lake  pigments,  in  other 
cases  it  is  not  so.  To  enter  into  full  details  with  regard  to  all 
the  colours  would  take  up  more  room  than  can  well  be  spared  in 
this  book,  but  the  following  list  and  the  notes  appended  thereto 
will  be  found  of  use : — Scarlet  BB  (lake  of  a  poor  shade,  not 
serviceable),  mandarin  G,  orange  G,  orange  lY  (the  lake  is  of  a 
brownish  shade,  and  not  useful),  fast  scarlet  3R  (very  good 
lake),  acid  mauve  B,  yellow  N  (fine  shade  of  colour),  croceine- 
orange,  fast  red  T,  alkaline  blue,  citronine  A,  tropseoline  00 
(lake  of  a  very  pale  colour,  not  useful),  citronine  O,  methyl- 
yellow,  new  yellow,  scarlet  G,  scarlet  B,  ponceau  2G,  fast  violet 
(the  lake  is  but  of  a  poor  shade),  orchil  brown  B,  fast  red  A, 
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azo-yellow,  double  brilliant  scarlet  2E/,  croceine  3B,  quinoline- 
yellow,  crystal  scarlet  6R,  phosphine,  scarlet  00,  scarlet  GT, 
vermilline  scarlet  KK,  Bordeaux  S  (very  good  shade  of  colour 
lake),  all  the  eosine  colours,  benzoazurine  R,  benzoazurine  30 
(gives  rather  a  poor  shade  of  lake),  diamine-blue  B,  Titan  pink 
(gives  a  dark  crimson  colour  lake),  Congo  4^,"^  chrysamine  (gives 
rather  a  dark  brownish  yellow  lake),  and  chrysophenine  (a  fine 
precipitate). 

(b)  Colours  precipitated  by  barium  chloride. — Scarlet  BB,  pon- 
ceau, orange  G  (gives  a  fine  bright  colour-lak^e,  very  useful), 
orange  lY,  fast  scarlet  3R  (a  fine  bright  colour-lake),  acid  mauve 
B,  claret-red  B,  yellow  N,  croceine-orange,  croceine-scarlet,  fast 
red  T,  alkali-blue,  Victoria  blue  B,  citronine  O,  methyl-yellow, 
new  yellow,  scarlet  G,  ponceau  2R,  scarlet  R,  resorcin-yellow, 
fast  violet,  orchil-brown  B,  fast  red  A,  azo-yellow,  double 
brilliant  scarlet  2R,  Indian  yellow,  crocein  3B,  quinoline-yellow, 
crystal  scarlet  6R  (not  so  good  a  lake  as  with  lead  acetate), 
naphthol-yellow  S,  phosphine,  scarlet  2R,  scarlet  GT,  vermilline- 
scarlet  KK,  scarlet  2RJ  (gives  a  very  fine  lake),  scarlet  3R,  ben- 
zoazurine R,  benzoazurine  G,  benzoazurine  3G,  diamine-blue  B, 
Congo  4R,  chrysophenine  (gives  a  good  lake),  chrysamine  (pre- 
cipitates as  a  brownish  lake).  Excelsior  lake  scarlets,  lake  reds 
C  and  P,  lithol  red  R,  heliopurpurines,  helio-orange,  pigment 
claret,  tyemond  yellow,  tyemond  scarlet. 

(g)  Colouring  matters  precipitated  by  rosin  soap). — Most  of  the 
basic  dyes  can  be  precipitated  by  a  solution  of  rosin  in  sodium 
carbonate,  but  this  method  is  not  altogether  satisfactory  and  is 
rarely  used. 

{d)  Colours  precipitated  by  aluminium  sulphate.  — Scarlet  BB 
(the  lake  has  a  brownish  tone),  mandarin  G,  Orange  IV, 
fast  scarlet  3R,  croceine-orange,  alkali-blue,  Victoria  blue  B, 
citronine  O,  scarlet  G,  fast  violet  (but  a  poor  shade  of  colour- 
lake),  orchil-brown  B,  fast  red  A  (but  a  poor  shade  of  lake), 
azo-yellow,  Indian  yellow,  scarlet  GT,  benzoazurine  R,  benzo- 
azurine G  (a  good  precipitate),  benzoazurine  3G,  Titan  pink, 
Congo  4R,  chrysophenine  (the  precipitate  has  an  olive-brown 
shade),  chrysamine  gives  a  brown  precipitate),  and  diamine-blue 

*  The  red  colouring  matters,  which,  like  Congo-red  and  benzopurpiirine, 
are  derived  from  benzidine,  tolidine  and  stilbene,  are  precipitated  by  lead 
acetate  and  other  precipitants,  but,  in  consequence  of  their  being  sensitive 
to  acids  in  a  great  degree,  the  resulting  colour-lake  is  liable  to  be  much 
affected  in  colour  by  acid  precipitants.  Thus,  Congo-red  will  give  a  blue 
lake  instead  of  a  red,  and  the  others  are  more  or  less  similarly  affected; 
therefore  they  are  practically  useless  for  making  lake-pigments. 


COAL-TAR  LAKES. 


283 


B  (a  fine  shade).  Aluminium  sulphate  does  not  precipitate 
so  many  colouring  matters  as  lead  acetate  or  barium  chloride, 
probably  on  account  of  its  great  acidity,  which  keeps  the 
colour  lakes  in  solution  to  a  large  extent;  by  neutralising  this 
acidity  with  soda  or  ammonia  some  colours  can  be  precipitated, 
but  the  addition  of  alkali  has  to  be  made  with  great  care, 
or  the  shade  of  the  colour-lake  may  be  affected.  Freshly- 
precipitated  and  washed  hydroxide  of  alumina,  Alg  H^.  Og,  has 
a  strong  affinity  for  many  of  the  coal-tar  colours  of  all  classes, 
and  this  may  be  taken  advantage  of  in  preparing  lake-pigments 
(see  below). 

The  remarks  appended  to  group  a  regarding  the  so-called 
Congo  colours,  are  applicable  to  the  precipitates  obtained  with 
barium  chloride  and  aluminium  sulphate. 

These  lists  do  not  pretend  to  be  exhaustive,  but  they  include 
all  the  colouring  matters  which  are  most  useful  for  this  par- 
ticular purpose.  It  is  well  to  point  out  that  the  same  name 
is  given  by  different  makers  to  different  dyestuffs,  so  that  it 
is  quite  possible  for,  say,  the  scarlet  G  of  one  maker  to  give 
a  precipitate  with  aluminium  sulphate,  while  the  scarlet  G  of 
another  maker  will  not  give  a  precipitate. 

Of  the  three  precipitating  agents,  barium  chloride  gives  the 
best  and  most  satisfactory  results;  although  both  lead  acetate 
and  aluminium  sulphate  give  useful  colour-lakes;  but  barium 
chloride  is  a  more  universal  precipitant  than  either  of  the 
others,  and  the  colour-lakes  it  gives  are  not  affected  by  a  1- 
niixture  with  sulphur  pigments,  as  is  the  case  with  lead 
acetate  colour-lakes,  which  are  apt  to  go  brownish  if  mixed 
with  pigments  containing  sulphur  or  if  exposed  to  the  action 
of  sulphur  gases. 

Lake-pigments  made  with  either  barium  chloride,  lead  acetate, 
or  aluminium  sulphate,  are  very  satisfactory  in  use,  and  are 
serviceable  either  as  oil-  or  water-colours. 

The  first  proceeding  is  to  make  a  solution  of  the  beta-naphtliol; 
this  is  by  no  means  difficult ;  the  beta-naphthol  is  stirred  with 
about  its  own  weight  of  caustic  soda  of  76°  Tw.  and  hot  water; 
all  but  small  fragments  will  dissolve  to  a  clear  solution ;  this  is 
then  mixed  with  cold  water  and  the  desired  quantity  of  barytes, 
or  alumina  or  other  white  base  that  is  to  be  used.  It  is  impor- 
tant that  before  adding  the  base  solution,  this  beta-naphthol 
solution  be  quite  cold  or  otherwise  the  results  will  be  bad.  It 
may  be  noted  that  there  is  also  an  alpha-naphthol.  This  can, 
likewise,  be  used  like  the  beta-naphthol,  but  the  lakes  produced 
are  not  so  bright  or  useful  in  character. 
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The  preparation  of  the  base  solution  is  somewhat  mor6 
difficult,  and  demands  more  care.  The  base  is  first  mixed  with 
hydrochloric  acid  and  a  small  quantity  of  hot  water,  this  brings 
about  its  solution ;  but  next  there  must  be  added  cold  water,  the 
colder  the  better,  and  then  a  cold  solution  of  sodium  nitrite. 
This  is  the  critical  part  of  the  process.  To  carry  it  out  properly 
all  the  liquors  must  be  both  cold  and  dilute.  If  the  temperature 
is  too  high  the  chemical  reaction  does  not  go  on  properly  and 
smoothly;  while  if  the  solutions  are  too  strong  there  is  an 
evolution  of  acid  vapours  and  the  reaction  becomes  incomplete. 
The  reaction  is  expressed  in  the  chemical  equation  employing 
paranitroaniline  as  the  type  for  the  base — 

C6H4NO2NH2  +        2HC1        +  NaNO^ 
Paranitroaniline.       Hydrochloric  acid.      Sodium  nitrite. 

=     C6H4N02N:NCl     +       NaCl       +  2H2O 
Diazotised  paranitroaniline.      Sodium  chloride.  Water. 

Neither  the  beta-naphthol  solution  nor  the  diazotised  base 
solution  keep  well  and  so  stock  solutions  cannot  be  made.  The 
solutions  must  be  made  when  wanted. 

When  the  diazo  solution  is  poured  into  the  naphthol  solution 
combination  takes  place  at  once,  the  reaction  being  indicated  in 
the  equation — 

C6H4N02N:NC1    +    CioH^OH   +  NaOH 
Diazotised  paranitroaniline.      Beta-naphthol.      Caustic  soda. 

=  C6H4NO2N  :  NCioHeOH  +        NaCl        +  HgO 
Paranitroaniline  red.  Sodium  chloride.  Water. 

Care  should  be  taken  to  use  pure  hydrochloric  acid,  caustic 
soda,  &c.,  if  the  best  results  are  desired,  and  to  use  only  the 
quantities  given  in  the  various  undermentioned  formulfe. 

3.  Adjective  Colouring  Matters. — This  class  of  colouring 
matters  was  named  by  Bancroft  adjective  dyestuffs,"^  their  pecu- 
liarity is  that  they  are  usually  not  coloured  of  themselves,  and, 
used  alone,  are  not  capable  of  imparting  any  colour  to  textile  fibres, 
but  that  they  require  the  aid  of  a  second  substance,  which,  in  dye- 
ing, is  called  the  mordant,  to  develop  the  colour  and  to  fix  it  on 
the  fibre ;  further  than  that,  the  colour  which  is  so  fixed  on  the 
fibre  is  largely  influenced  by  the  character  of  the  mordant,  and 
with  different  mordants  different  colours  are  produced;  thus  aliza- 
rine, with  alumina  gives  a  bright  red,  with  iron  a  violet,  with  tin 

*  Of  late  the  tendency  is  to  speak  of  them  as  mordant-dying  colouring 
matters. 
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a  scarlet,  and  so  on.  The  dyestutfs  belonging  to  this  group  are 
capable  of  yielding  lake -pigments,  which  are  characterised  by 
their  permanence.  Lakes  from  them  are  rather  difficult  to  pre- 
pare in  anything  like  brilliant  hues. 

For  fuller  information  relating  to  the  coal-tar  colours,  the 
student  may  consult  Benedikt  and  Knecht's  Chemistry  of  the 
Coal-tar  Colours,"  or  the  author's  "  Dictionary  of  the  Coal-tar 
Colours." 

2nd.  THE  PRECIPITATING-  AGENT.— The  nature  of  the 
precipitating  agents  used  in  preparing  lake-pigments  has  been 
partly  considered  while  dealing  with  the  coal-tar  colours  them- 
selves, and  very  little  more  needs  to  be  said.  Tannic  acid  is  the 
precipitant  for  the  basic  colours.  This  should  be  bought  of  good 
quality;  in  fact,  for  this  particular  purpose  the  purer  it  is  the 
better;  the  common  qualities  of  tannic  acid  are  more  or  less 
adulterated  with  dextrine,  &c.,  and  are  slightly  coloured,  which 
qualities  have  an  injurious  influence  on  the  brilliancy  of  the 
pigment  thrown  down  by  it.  In  addition  to  tannic  acid,  tartar 
emetic  is  used;  this  adds  considerably  to  the  permanence  of  the 
pigment,  probably  for  two  reasons;  one  is  that  the  antimony  of 
the  tartar  emetic  combines  with  the  tannic  acid  to  form  an  in- 
soluble tannate  of  antimony,  and  with  this  the  colouring  matter 
combines,  thus  forming  a  more  insoluble  and  therefore  more  per- 
manent pigment;  then,  again,  most  of  the  colouring  matters  are 
sold  in  the  form  of  hydrochlorides  of  the  colour-base,  and  in  the 
process  of  making  the  lake  the  hydrochloric  acid  is  set  free,  and 
may  tend  to  prevent  proper  precipitation  of  the  lake.  When  tartar 
emetic  is  used  the  hydrochloric  acid  acts  upon  this  and  combines 
with  the  alkali,  liberating  tartaric  acid,  which  has  no  action  on 
the  colour-lake  formed.  The  addition  of  sodium  acetate  has  been 
proposed  for  the  purpose  of  preventing  this  formation  of  free 
hydrochloric  acid. 

As  regards  the  precipitating  agents  used  with  the  acid  dye- 
stuifs,  viz.,  barium  chloride,  lead  acetate,  aluminium  sulphate,  (fee, 
these  should  be  of  good  quality,  and  contain  neither  insoluble 
matter  nor  free  acid;  this  last  remark  applies  more  particularly 
to  aluminium  sulphate,  which  is  apt  to  contain  free  acid,  whereby 
the  formation  of  the  colour-lake  is  prevented  ;  in  using  this  agent 
the  addition  of  sodium  acetate  to  neutralise  any  free  sulphuric 
acid  which  may  be  present,  or  which  may  be  formed  in  the  pro- 
cess of  precipitation,  is  to  be  recommended. 

For  the  adjective  dyestufl*s  the  acetates  of  alumina  chrome, 
&c.,  will  be  found  to  give  good  results.  Many  processes  for  the 
preparation  of  pigments  from  these  colouring  matters  are  based 
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on  the  formation  of  the  hydroxides  by  precipitation  with  sodium 
carbonate  or  sodium  hydroxide,  and  then  combining  this  with 
the  colouring  matter.  This  is  not  a  satisfactory  method,  because 
the  alkali  has  a  tendency  to  affect  the  shade. 

3rd.  THE  BASE. — The  base  or  carrier  exerts  a  most  impor- 
tant influence  on  the  value  of  the  lake  as  a  pigment ;  the  body  or 
covering  power  almost  entirely  depends  upon  the  base,  while  this 
also  modifies  the  tint  or  shade  of  the  pigment  very  greatly.  The 
base  used  is  commonly  one  or  other  of  the  white  pigments  (which 
have  already  been  described),  but  in  one  or  two  lake-pigments 
other  bases,  such  as  red-  or  orange-lead,  is  present. 

The  following  bases  are  used  in  making  lake-pigments  : — 
barytes,  whiting,  china  clay,  gypsum,  French  chalk,  zinc- white. 
For  details  as  to  the  composition,  &c.,  of  these  reference  is  made 
to  the  chapter  on  white  pigments. 

Barytes  is  the  base  most  commonly  used ;  the  common 
qualities  are  apt  to  be  gritty,  a  fault  which  must  be  avoided  ; 
further,  in  making  what  are  called  pulp-colours  for  paper-stainers, 
barytes  is  not  very  useful,  as  its  absorbent  properties  for  water 
are  not  sufficiently  strong ;  these  colours  are  required  to  contain 
about  50  per  cent,  of  water,  while  barytes  will  not  take  up  more 
than  25  per  cent.  The  artificial  barytes,  hlanc  fixe,  is  a  good 
base,  and  the  method  of  preparing  the  pigment  may  be  so  devised 
as  to  cause  the  formation  of  this  form  of  barytes  during  the  pro- 
cess of  making  the  lake,  and  then  a  pigment  of  great  brilliancy 
of  hue  and  covering  power  is  obtained;  but  this  method  of  work- 
ing is  more  costly  than  using  the  natural  barytes. 

Gypsum  forms  a  very  good  base  for  lakes.  It  is  lighter  than 
barytes;  hence  it  does  not  make  the  pigment  feel  so  heavy,  and 
has  less  tendency  to  separate  by  subsidence  when  made  into  a 
paint;  it  takes  up  rather  more  water  than  barytes,  and  is  there- 
fore better  for  pulp -colours.  In  covering  power  it  is  about  equal 
to  barytes.  Precipitated  calcium  sulphate  may  now  be  obtained 
as  a  bye-product  in  the  manufacture  of  many  chemical  products  ; 
this  form  would  be  found  useful  as  a  base,  and  better,  in  fact, 
than  the  natural  gypsum.  Gypsum,  weight  for  weight,  takes 
rather  more  colouring  matter  to  produce  a  given  shade  of  lake 
than  does  baiytes. 

China  clay  makes  a  good  base  for  these  lake-pigments,  being 
quite  inert  in  all  its  properties,  as  well  as  of  good  covering 
power  and  colour.  It  is  largely  employed  in  making  pulp- 
colours,  owing  to  its  great  absorbent  properties  for  water,  in 
which  respect  it  is  superior  to  either  barytes  or  gypsum  ;  on  the 
other  hand,  unless  a  large  proportion  of  dyestuff  is  used  the 
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resulting  lake  is  apt  to  appear  chalky,  on  which  account  china 
clay  is  not  suitable  for  making  pale-tinted  lakes. 

French  chalk  would  make  a  good  base  so  far  as  its  chemical 
properties  are  concerned;  but  it  does  not  work  well  as  a  paint, 
being  apt  to  be  slimy. 

Whiting  is  a  fairly  good  base  for  lakes,  and  is  largely  used  for 
this  purpose;  although,  owing  to  its  somewhat  alkaline  proper- 
ties, it  does  not  suit  all  colouring  matters.  Like  china  clay,  it  is 
liable  to  make  the  lake  appear  chalky  in  tone,  and,  tlierefore,  can 
only  be  used  in  making  dark  tints.  It  does  not  suit  lakes  made 
from  basic  colours,  owitig  to  the  action  of  tannic  acid  on  it. 

Zinc-white  makes  a  good  lake,  but  its  cost  is  against  its 
meeting  with  an  extensive  use  for  this  purpose. 

Alumina  is  much  used  in  making  lake-pigments;  it  has  some 
degree  of  affinity  for  the  acid  dyes,  but  does  not  completely 
precipitate  any,  so  that  the  addition  of  barium  chloride  is 
necessary.  It  may  be  noted  here  that  alumina  will  act  as  a 
precipitant  for  many  of  the  basic  dyes,  but  only  pale-tinted 
lake-pigments  can  thus  be  made.  Alumina  gives  more  trans- 
parent lakes  than  does  barytes  or  blanc  fixe,  and  hence  alumina 
lakes  are  more  serviceable  for  letterpress  and  lithographic 
printing  than  barium  sulphate  lakes,  for  with  these  a  certain 
amount  of  transparency  is  needed. 

Colour  Bases. — Of  late  years  the  use  of  paranitraniline, 
alpha-naphthylamine,  nitro-toluidine  C,  chloranisidine  P,  and 
similar  bases  which  can,  with  comparative  ease,  be  converted 
into  insoluble  scarlet,  orange,  and  claret  pigments  has  greatly 
developed.  The  process  is  based  on  the  method  of  using  these 
bases  for  dyeing  cotton  first  devised  by  Robert  Holliday,  and 
depends  on  the  following  facts:  that,  when  these  bases  are 
treated  with  hydrochloric  acid  and  sodium  nitrite  in  the  cold, 
they  are  converted  into  new  bodies  known  as  diazo-compounds, 
and,  when  these  are  mixed  with  beta-naphthol  dissolved  in 
caustic  soda,  they  enter  into  combination  and  produce  an  in- 
soluble azo-dye,  by  employing  barium  sulphate  or  some  other 
similar  pigment  of  an  inert  character,  pigment  lakes  are  obtained 
of  good  properties.  The  process  will  be  found  described  in 
detail  below;  it  is  not  difficult  to  carry  out,  only  needing  care 
and  attention  to  some  special  points. 

To  produce  a  given  shade  of  lake,  barytes  takes  less  colouring 
matter  than  any  of  the  other  bases  noted,  and,  consequently,  a 
barytes  lake  costs  a  trifle  less  than  does  a  lake  with  other  bases; 
next  to  barytes  comes  gypsum,  which  takes  from  one-and-a-half 
to  twice  as  much  dyestufi*  in  proportion  to  barytes,  while  china 
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clay  takes  rather  more  than  twice  as  much.  Pulp-colours,  such 
as  are  used  by  paper-stainers,  are  made  so  as  to  contain  about 
50  per  cent,  of  water,  and,  in  making  these,  barytes  cannot  well 
be  used,  as  it  will  only  take  up  about  25  per  cent.;  the  best  base 
for  such  is  a  mixture  of  barytes,  china  clay,  and  gypsum,  in 
about  equal  proportions. 

In  any  case  the  base  should  be  of  a  good  white  colour,  and  free 
from  any  trace  of  grit.  Before  using,  it  should  be  ground  with 
water,  and  then  sieved,  so  as  to  obtain  it  of  as  fine  a  consistence 
as  possible. 

PROCESS  OP  MANUFACTURE.— The  method  of  making 
pigments  from  the  coal-tar  colours  is  comparatively  simple,  and 
does  not  necessitate  the  use  of  any  special  plant;  the  only 
requisites  are  tanks  for  dissolving  the  various  colouring  matters 
and  precipitating  agents,  and  a  tank  (like  those  shown  in  Fig.  18, 
p.  132)  for  precipitating  the  lake  in. 

The  colouring  matter  is  dissolved  in  a  vat  or  tub,  by  simply 
mixing  the  dyestuff  with  water.  In  the  case  of  those  colouring 
matters  which,  like  some  brands  of  violets  and  magenta,  are  sold 
more  or  less  impure,  and  in  a  cake  form,  it  is  best  to  dissolve 
them  in  boiling  water.  A  good  proportion  is  1  lb.  of  colouring 
matter  to  10  gallons  of  water.  It  is  advisable  to  strain  the 
solution  before  using  it,  so  as  to  free  it  from  particles  of 
undissolved  dyestuff  and  grit. 

The  precipitating  agent  is  dissolved  in  a  separate  vat  and  the 
solution  filtered  to  free  it  from  the  dirt  and  other  insoluble 
matter  which  would  deteriorate  the  lake. 

Into  a  third  vat  is  placed  a  quantity  of  water,  which  is  heated 
to  from  120°  to  150°  F.,  and  then  the  base  (barytes,  china  clay,  or 
whatever  is  used)  is  thoroughly  mixed  or  diffused  through  the 
water,  special  care  being  taken  to  break  down  all  lumps,  because 
these  would  give  the  lake  a  speckled  appearance,  a  thing  which 
is  to  be  avoided.  Next,  the  solution  of  the  colouring  matter  is 
run  in,  thoroughly  mixed  with  the  base,  and,  after  heating  the 
whole  to  the  temperatures  given,  the  precipitating  agent  (in  solu- 
tion) is  run  in  slowly  with  thorough  agitation ;  when  all  has  been 
run  in,  the  lake  formed  is  allowed  to  settle,  and  the  top  liquor 
run  off ;  this  should  be  colourless,  or  nearly  so  ;  if  it  be  strongly 
coloured,  the  precipitation  of  colouring  matter  has  not  been  com- 
plete and  more  precipitant  is  added.  The  lake  is  now  washed  by 
adding  clean  water  and  then  finished,  as  may  be  required,  by  the 
usual  methods.  When  required  for  pulp-colours  the  lake  simply 
requires  filtering  off;  if  required  to  be  dried  then,  after  filtering, 
it  must  be  dried  in  the  stove  at  a  temperature  below  that  by 
which  the  colour  or  tint  of  the  lake  would  be  affecte^. 
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The  process  here  given  is  generally  applicable  to  all  the  coal- 
tar  colours,  but,  in  some  cases,  modification  of  the  details  are 
required,  which  will  be  pointed  out  when  dealing  with  the 
pigments  themselves. 

LAKES  FROM  BASIC  COAL-TAR  COLOURS.— 
Magenta  lake. — 100  lbs.  of  barytes,  1  lb.  of  magenta,  IJ  lbs. 
of  tartar  emetic,  and  li  lbs.  of  tannic  acid  make  a  lake  of  a 
deep  crimson  colour. 

Bluish-pink  lake. — 100  lbs.  of  barytes,  3  lbs.  of  rhodamine. 
3  lbs.  of  tartar  emetic,  and  3  lbs.  of  tannic  acid.  This  makes  a 
lake  of  a  peculiar  shade  of  bluish-pink,  which  is  fairly  resistant 
to  exposure  to  light  and  air. 

Pale  crimson  lake. — 100  lbs.  of  barytes,  2  lbs.  of  safranine 
prima,  2  lbs.  of  tartar  emetic,  and  3  lbs.  of  tannic  acid.  The 
lake  obtained  is  a  fine  shade  of  crimson. 

Violet  lake. — 100  lbs.  of  barytes,  1  lb.  of  aniline-violet,  1  lb. 
of  tartar  emetic,  and  IJ  lbs.  of  tannic  acid.  The  shade  of  this 
lake  will  depend  entirely  upon  the  shade  of  the  violet  used, 
which  may  vary  from  a  violet-red  (violet  3  R)  to  a  pure  violet 
(violet  5  B).  Either  methyl-violet,  or  Hofmann's  violet,  or  Paris 
violet  may  be  used. 

Blue-green  lake. — 100  lbs.  of  barytes,  1  lb.  of  brilliant  green, 

1  lb.  of  tartar  emetic,  and  IJ  lbs.  of  tannic  acid.  This  gives  a 
very  deep  bluish-green  lake. 

Yellow-green  lake. — 100  lbs.  of  barytes,  1  lb.  of  brilliant- 
green,  ^  lb.  of  auramine,  lbs.  of  tartar  emetic,  and  2^  lbs.  of 
tannic  acid.  This  gives  a  very  nice  yellow-green  lake;  by  varying 
the  proportions  of  the  two  dyestuffs  a  great  variety  of  green  lakes 
can  be  made  and  also  a  very  good  imitation  of  emerald-green  may 
be  obtained  by  their  means. 

Yellow  lake. — 100  lbs.  of  barytes,  3  lbs.  of  auramine,  3  lbs.  of 
tartar  emetic,  and  4  lbs.  of  tannic  acid.  This  lake  is  very  good 
and  a  tolerably  permanent  one. 

Orange  lake. — 100  lbs.  of  barytes,  2  lbs.  of  chrysoidine,  4  lbs. 
of  tannic  acid,  and  2  lbs.  of  tartar  emetic. 

Brown  lake. — 100  lbs.  of  barytes,  2  lbs.  of  Bismarck  brown, 

2  lbs.  of  tartar  emetic,  and  4  lbs.  of  tannic  acid. 

In  making  all  these  lakes  the  barytes  is  mixed  with  water  and 
the  tartar  emetic  is  placed  in  the  same  tub  or  vat,  the  colouring 
matter  added,  and  the  tannic  acid  (previously  dissolved  in  another 
tub)  run  in  slowly ;  after  which,  the  lake  is  finished  as  described 
above.  In  the  place  of  barytes  any  other  of  the  above-mentioned 
bases  can  be  used.  By  using  mixtures  of  the  dyestuffs  in  various 
proportions,  as,  for  instance,  safranine  and  auramine,  brilliant 
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green  and  Bismarck  brown,  a  great  variety  of  lakes  of  various 
colours  can  be  prepared. 

Another  method  of  preparing  lakes  from  basic  coal-tar  colours 
is  to  use  picric  acid,  as  in  the  following  case  : — 

Yellow-green  lake. — 100  lbs.  of  barytes,  1  lb.  of  brilliant 
green,  and  1  lb.  of  picric  acid.  The  barytes  and  green  are 
diffused  through  water  as  usual  and,  when  ready,  the  picric  acid 
(previously  dissolved  in  water)  is  run  in ;  the  lake  precipitated 
is  finished  as  usual. 

Another  process  of  making  lakes  from  basic  coal-tar  colours 
consists  in  precipitating  them  with  resinates  of  alumina  or  mag- 
nesia. This  is  carried  out  as  follows  : — 100  lbs.  of  rosin  are 
dissolved  by  boiling  in  a  solution  of  10  lbs.  of  77  per  cent,  caustic 
soda,  and  of  33  lbs.  of  soda  crystals  in  100  gallons  of  water; 
when  the  rosin  has  completely  dissolved,  5  to  15  lbs.  of  the 
dyestuff  are  added,  the  quality  used  being  varied  according  to 
the  depth  of  colour  of  lake  required.  Then  a  solution  of  mag- 
nesium or  aluminium  sulphates  are  added  in  slight  excess ;  the 
lake  precipitated  is  collected,  washed,  and  dried.  These  resinate 
lakes  are  soluble  in  alcohol,  benzene,  chloroform,  ether,  &c.,  and 
are,  therefore,  used  for  colouring  varnishes. 

LAKES  mOM  ACID  COAL-TAR  COLOURS.— The 
number  of  acid  coal-tar  colours,  especially  the  reds,  is  very  great, 
and  it  is  impossible  in  this  work  to  enumerate  and  mention  what 
lakes  can  be  made  from  these  dyestuffs ;  the  examples  given  will, 
however,  serve  to  illustrate  the  principles  on  which  the  conver- 
sion of  acid  coal-tar  colours  into  pigments  are  based,  and  enable 
any  intelligent  colour-maker  to  apply  them  in  producing  a  lake 
from  any  colouring  matter  belonging  to  this  group. 

Among  the  lakes  of  this  group  are  the  vermilionettes  and 
royal  reds. 

VERMILIONETTES  AND  ROYAL  REDS.— Yermilion- 
ettes  were  introduced  to  this  country  some  twelve  or  fourteen 
years  ago  by  the  Silicate  Paint  Company  of  Liverpool,  as  a 
substitute  for  vermilion,  which  they  have  displaced  to  a  con- 
siderable extent.  Royal  reds  were  introduced  by  Messrs. 
J,.  B.  Freeman  &  Company  of  London.  These  pigments,  and 
some  others,  sold  under  a  variety  of  fancy  names  (such  as 
Victoria  reds,  signal-reds,  &c.)  owe  their  brilliant  colour  to 
eosine  ;  the  deeper  shades  of  the  vermilionettes  and  the  royal 
reds  also  contain  orange  lead;  this  is  used  for  two  reasons,  one 
is  to  make  the  pigment  heavy,  and  a  closer  imitation  of  ver- 
milion, the  other  is  to  increase  the  depth  of  colour  and  the  body. 

These  two  pigments  are  made  in  a  great  variety  of  tints,  from 
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a  very  pale  pinkish-red  to  a  very  deep  scarlet;  most  makers  keep 
several  shades  of  both  in  stock.  Yermilionettes  are  now  made 
from  barytes  and  eosine,  with  a  precipitating  agent,  although, 
when  first  introduced,  they  contained  orange  lead  as  well,  and 
some  makes  do  so  now ;  royal  reds  contain  both  barytes  and 
orange  lead  as  well  as  the  eosine.  The  precipitating  agent  most 
used  is  lead  acetate,  although  alum  is  also  used  occasionally. 

The  tint  and  brilliancy  of  these  pigments  depend  largely 
upon  the  kind  of  eosine  used.  There  are  several  varieties  of 
cosines  made,  of  which  the  following  are  the  principal.  They 
are  all  very  bright  scarlet  dyestuffs,  and  may  be  divided  into 
blue-shade  cosines  and  yellow-shade  eosines,  distinguished  by 
the  marks  B  or  BN  for  the  former,  and  by  J  or  G  for  the  latter; 
these  being  the  most  useful  for  vermilionette-making  : — 

Eosine  A,  Eosine  J,  Eosine  GG-,  is  usually  the  potassium  salt 
of  tetrabromfluorescein,  OgQ  Hg  Br^     Kg,  and  of  a  yellow  shade. 

Eosine  BN,  Safrosin,  is  the  potassium  salt  of  dibromodinitro- 
fluorescein,       Hg  Br^      O9  belongs  to  the  blue-shade 

eosines. 

Erythrosine,  Eosine  J,  is  the  potassium  salt  of  tetraiod- 
fluorescein,  OgoHgl^O^Kg;  it  gives  very  blue  shades  of  ver- 
milionettes. 

Phloxine,  Erythrosine  B,  and  Phloxine  T  are  bromo-chloro- 

derivatives  of  fluorescein,  and  yield  blue  shades  of  vermilionettes. 

Rose  Bengale  is  a  very  fine  blue-shade  eosine ;  chemically, 
it    is    the    potassium    salt    of   tetraiod  -  dichlor  -  fluorescein, 


pursued  is  to  diffuse  the  base,  which  may  be  either  barytes  or 
orange  lead,  or  both,  through  water,  to  add  the  required  quantity 
of  eosine,  and  to  heat  the  mass  to  about  1 60°  F. ;  then  there  is 
slowly  added,  with  constant  stirring,  a  solution  of  lead  acefcate 
until  all  the  eosine  is  precipitated  out;  lastly,  the  pigment  is 
allowed  to  settle,  and  is  finished  in  the  usual  way. 

The  following  recipes  for  preparing  several  shades  of  these 
pigments  exemplify  the  quantities  of  the  materials  used  : — 
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No.  1  Pale.   No.  2  Deep.    No.  3  Deep. 


Lbs.  Lbs.  Lbs. 


Barytes, 
Orange  lead, 
Eosine, 
Lead  acetate, 


100  100  100 

30  30 
2  6  8 


6  16  20 


292 


LAKES. 


ROYAL  REDS. 

No.  1.  Pale.  No.  2  Deep 

Orange  lead,       .       .       .       100  lbs.       .       100  lbs. 
Eosine,        .       •       .       •  4  .  8 

Lead  acetate,      .       .       .        10  ,,         .         20  ,, 

The  tint,  as  already  noticed,  will  depend  upon  the  chemical 
composition  of  the  eosine  which  is  used,  while  the  depth  of  colour 
of  the  red  will  depend  largely  upon  the  quality  of  the  make  of 
eosine  as  well  as  upon  the  quantity  of  dyestuff  used.  By  regu- 
lating the  proportion  of  base  to  dyestuff  many  shades  of  ver- 
milionettes  and  royal  reds  may  be  olatained,  but,  inasmuch  as  the 
eosine  prepared  by  one  maker  greatly  differs  in  quality  from  that 
of  another  maker,  although  professedly  of  the  same  chemical 
composition,  it  follows  that  the  same  shade  of  pigment  may  not 
be  obtained  from  two  makers'  cosines.  The  proportion  of  lead 
acetate  which  is  required  to  completely  precipitate  the  eosine  will 
also  vary  with  the  make  of  eosine  used;  it  ranges  from  2^  to 
4  times  the  weight  of  the  dyestuff;  colour-makers  should  always 
ascertain  by  a  preliminary  trial  the  precise  amount  required 
for  any  particular  sample  of  eosine.  When  the  pigment  is 
properly  made  all  the  eosine  is  precipitated,  and  the  wash  waters 
are  quite,  or  almost,  colourless. 

Instead  of  lead  acetate,  alum  or  alumina  sulphate  may  be  used; 
but  the  author  considers  that  these  are  weaker  precipitants  and 
that  they  yield  a  pigment  of  inferior  hue  and  permanence.  The 
following  recipes  will  show  how  these  two  salts  may  be 
used  : — 

VERMILIONETTES. 

No.  1  Pale.         No.  2  Medium.         No.  3  Deep. 
Barytes,  .       .       .    100  lbs.  100  lbs.  100  lbs. 

Eosine,     .       .       .       lib.  IJ  lb.  .3  lbs. 

Aluminium  sulphate,       3  lbs.  Alum,  10  lbs.    Alum,  20  lbs. 

A  very  fine  pigment  may  be  made  as  follows  : — 50  lbs.  of 
barium  chloride,  3  lbs.  of  eosine,  and  50  lbs.  of  aluminium  sul- 
phate are  dissolved  separately  in  water;  the  eosine  solution  is 
run  into  the  precipitating  vat,  and  then  the  other  two  solutions 
are  run  in  simultaneously;  the  vermilionette  precipitates  almost 
immediately,  and  is  finished  in  the  usual  way. 

Properties  of  Vermilionette s  and  Royal  Reds. — As  pig- 
ments they  are  very  brilliant  in  hue  and  have  a  good  depth  of 
colour,  whether  used  as  oil-colours  or  as  water-colours,  as  well  as 
good  body  or  covering  power.    For  colouring  spirit-varnishes 
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they  are  not  good,  as  the  eosine  they  contain  is  somewhat  sohible 
in  the  spirit,  and,  consequently,  the  pigment  loses  its  brilliant 
colour.  One  fault  which  they  may  have  is  that  of  blooming,  due 
to  the  solubility  of  the  colouring  matter  in  the  vehicle;  this 
generally  happens  when  insufficient  lead  acetate  has  been  used 
to  precipitate  the  eosine;  in  such  cases  the  pigment  usually  con- 
tains some  traces  of  free  eosine,  which  passes  into  the  vehicle 
and  causes  blooming. 

They  do  not  resist  lengthened  exposure  to  light  and  air;  hence 
for  work  which  must  have  permanence  they  cannot  be  recom- 
mended; still  they  will,  if  well  made,  stand  a  good  deal  of 
exposure,  more  especially  if  protected  by  a  coat  of  varnish. 

Yermilionettes  and  royal  reds  may  be  recognised  by  their 
greater  or  less  solubility  in  alcohol,  and  by  the  solution 
showing  a  fluorescence,  the  character  and  colour  of  which  will 
depend  upon  the  particular  eosine  used  in  their  preparation. 
Heat  destroys  the  colour ;  if  eosine  and  barytes  alone  have  been 
used  in  preparing  the  pigment  then  the  colour  will  be  completely 
destroyed;  but  if  orange  lead  has  also  been  used  then  the  residue 
will  have  a  red  colour.  Nitric  acid  destroys  the  colour  of  these 
pigments.  When  orange  lead  is  absent,  then  the  colour  is 
destroyed  completely  and  at  once ;  but  if  it  is  present,  then  the 
colour  becomes  darker  and  only  disappears  on  boiling,  and  lead 
may  be  recognised  in  the  solution. 

SCARLET  LAKES.— The  number  of  scarlet  and  red  azo- 
colouring  matters  is  very  great,  and  most,  if  not  all,  of  them  can  be 
made  to  yield  pigments.  It  is  practically  impossible  to  deal  with 
all  these,  but  the  recipes  which  are  given  will  serve  to  show  the 
lines  on  which  to  work  to  transform  the  azo-  and  acid  reds  into 
lake-pigments. 

The  azo-scarlets  are  sold  under  such  names  as  scarlet  G, 
scarlet  B,  scarlet  2R,  scarlet  3R,  scarlet  2RJ,  Ponceau  R, 
double  brilliant  scarlet  G,  crystal  scarlet  6R,  &c.;  some  of 
these  names  are  common  to  several  makers,  but  it  does  not 
follow  that  the  scarlet  G  of  one  maker  is  the  same  product 
as  the  scarlet  G  of  another  maker;  hence  it  may  happen  that 
while  the  one  dyestuff  will  be  precipitated  by  aluminium  sul- 
phate, the  other  may  not  be. 

All  the  azo-  and  acid  reds  are  not  available  for  making  lake- 
pigments;  some  yield  very  good  lakes,  others  very  poor  ones. 
A  few  preliminary  trials  will  show  colour  makers  which  are  and 
which  are  not  useful  for  this  purpose. 

For  transforming  the  azo-colours,  whether  reds  or  yellows  or 
oranges  or  other  colours,  four  methods  may  be  used;  one  or  more 
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recipes  illustrative  of  each  method  will  be  given,  and  from  them 
the  colour  maker  can  readily  see  how  to  make  other  pigments 
than  those  here  mentioned. 

1st  Method. — General  method  of  making  given  on  p.  288. 

Bluish  Scarlet — 100  lbs.  of  base,  3  lbs.  of  scarlet  2PtJ,  and 
10  lbs.  of  barium  chloride. 

Scarlet, — 100  lbs.  of  base,  5  lbs.  of  scarlet  G,  20  lbs.  of  lead 
acetate. 

Scarlet, — 100  lbs.  of  base,  3|  lbs.  of  croceine  scarlet  M,  10  lbs. 
of  lead  acetate.    A  little  ammonia  completes  the  precipitation. 

Deep  Crimson. — 100  lbs.  of  base,  20  lbs.  of  amaranth,  60  lbs.  of 
barium  chloride.  A  little  addition  of  sodium  carbonate  com- 
pletes the  precipitation. 

2nd  Method. — Mix  in  the  precipitating  vat  |  lb.  of  eosine  A, 
5  lbs.  of  croceine  scarlet  M,  and  33  lbs.  of  sodium  sulphate 
(Glauber's  salt).  In  separate  vats  dissolve  25  lbs.  of  barium 
chloride  and  16 i  lbs.  of  lead  acetate;  when  ready,  run  the  barium 
chloride  solution  into  the  colour  mixture,  and  then  run  in  the 
lead  solution.  A  very  bright  scarlet  lake  is  thus  obtained. 
This  process  may  be  applied  to  the  preparation  of  lakes  from  two 
dyestuffs  which  require  different  precipitants. 

3rd  Method. — Very  fine  pigments  can  be  made  by  the 
following  process,  which  consists  in  dissolving  in  the  precipi- 
tating vat  62  lbs.  of  Glauber's  salt  and  10  lbs.  of  scarlet  K;  into 
this  solution  is  run  a  solution  of  70  lbs.  of  barium  chloride ;  the 
lake  precipitated  is  finished  in  the  usual  way.  By  substituting 
for  the  scarlet  R  any  other  dyestuff  which  is  precipitated  by 
barium  chloride  other  colours  of  lake  pigments  can  be  made. 

Methods  2  and  3  yield  very  fine  lake-pigments,  but  they  are 
more  costly  to  make  than  those  made  by  the  general  method. 

4th  Method. — 100  lbs.  of  aluminium  sulphate  are  mixed  with 
a  solution  of  25  lbs.  of  Ponceau  E-R,  and  the  whole  heated  to 
about  60°  C.,  when  a  solution  of  100  lbs.  of  barium  chloride 
is  added ;  the  whole  is  boiled  and  then  allowed  to  cool  down 
a  little,  when  a  solution  of  60  lbs.  of  soda  crystals  is  added. 
Care  must  be  taken  in  making  this  addition,  as  excess  of  alkali 
will  adversely  affect  the  shade  of  the  resulting  pigment.  The 
barium  chloride  and  aluminium  sulphate  react  with  one  another, 
forming  barium  sulphate,  which  acts  as  the  base  of  the  pig- 
ment, and  aluminium  chloride,  which  remains  in  solution ; 
this  is  precipitated  on  addition  of  the  alkali  in  the  form  of 
aluminium  hydroxide,  which  combines  with  the  dyestuff,  thus 
forming  the  lake. 

This  method  may  be  used  with  all  colouring  matters  pre- 
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cipitated  by  aluminium  sulphate,  and  sometimes  with  others 
which  are  not  so  precipitated. 

This  process  is  not  quite  so  good  in  its  results  as  the  second 
or  third  methods  described  above. 

From  paranitraniline  may  be  prepared  very  fine  scarlet  red 
pigment  lakes  which  work  well  with  both  oil  and  water,  and 
keep  their  colour  very  well  on  exposure  to  light  and  air.  The 
operations  required  must  be  carefully  and  accurately  carried 
out  in  order  to  ensure  success.  The  following  method  will  give 
the  best  results : — 14  lbs.  of  paranitraniline  are  mixed  with  30 
lbs.  of  good  hydrochloric  acid  (it  is  best  to  use  the  pure  acid,  as 
the  impurities  in  the  commercial  grades  are  liable  to  affect  the 
brightness  of  the  lake)  and  25  gallons  of  boiling  water.  This 
mixture  is  well  stirred  until  all  the  paranitraniline  is  dissolved, 
allowed  to  cool,  25  gallons  of  cold  water  are  added,  and  then, 
slowly  and  with  constant  stirring,  10  lbs.  nitrite  of  soda  dis- 
solved in  10  gallons  of  water.  This  stage  being  the  most 
important,  special  care  should  be  taken  to  make  the  solutions 
quite  cold  and  to  mix  the  ingredients  slowly.  After  about  one- 
half  to  three-quarters  of  an  hour  the  preparation  will  be  ready 
for  the  next  stage.  To  the  mixture  is  added  150  lbs.  of  barytes 
or  other  white  base,  and  30  lbs.  of  acetate  of  soda  in  25  gallons  of 
water.  Next,  14  lbs.  of  beta-naphthol  are  dissolved  with  a  little 
heat  in  4  lbs.  of  caustic  soda  (77  per  cent.)  and  25  gallons  of  water; 
25  gallons  of  cold  water  are  then  added,  and,  when  the  whole  is 
cold,  the  beta-naphthol  solution  is  added,  slowly  and  with  con- 
stant stirring,  to  the  preparation  of  paranitraniline.  The  scarlet 
lake  forms  at  once,  and  can  be  filtered,  washed,  and  dried  in  the 
usual  way ;  but  in  drying  the  temperature  must  be  kept  low. 

This  lake  is  prepared  in  fair  quantities  and  sold  under  such 
names  as  Signal  Ked,  Imperial  Red,  &c. 

From  alpha-naphthylamine  may  be  prepared  in  a  similar 
manner  a  fine  crimson  red  lake.  14  lbs.  of  alpha-naphthylamine 
are  gently  heated  with  30  lbs.  of  hydrochloric  acid  and  20  gallons 
of  water  until  completely  dissolved.  The  solution  is  then  slowly 
poured  into  30  gallons  of  water.  The  beta-naphthylamine  will 
be  precipitated  as  hydrochloride  in  the  form  of  a  fine  white  or 
faintly  coloured  precipitate.  This  is  of  no  moment  provided  it 
be  fine  and  not  lumpy  in  character.  The  mixture  must  be 
allowed  to  become  quite  cold  before  passing  on  to  the  next 
stage.  A  solution  of  10  lbs.  of  sodium  nitrite  in  10  gallons  of 
cold  water  is  made,  and  then  poured  into  the  alpha-naphthyla- 
mine mixture,  the  whole  being  kept  constantly  stirred  for  from 
one-half  to  three-quarters  of  an  hour,  when  the  operation  will  be 


296 


LAKES. 


ended.  There  is  next  added  30  lbs.  of  sodium  acetate  dissolved 
in  25  gallons  of  water,  and  150  lbs.  of  barytes.  To  this  mass  is 
added  slowly  a  solution  of  14  lbs.  beta-naphthol  in  4  lbs.  of 
caustic  soda  and  30  gallons  of  water.  The  lake  forms  at  once, 
and  is  washed,  filtered,  and  dried  in  the  usual  manner. 

Chloranisidine  lake. — The  chloranisidine  P  base  of  the 
Badische  Anilin  und  Soda  Fabrik  can  be  made  into  a  fine  lake 
as  follows  : — As  before,  two  solutions  are  required.  The  beta- 
naphthol  solution  is  made  from  15  lbs.  of  beta-naphthol  dissolved 
in  15  lbs.  of  caustic  soda  (75°  Tw.)  and  20  gallons  of  hot  water ; 
when  dissolved,  80  gallons  of  cold  water  and  400  lbs.  of  barytes 
are  added.  The  chloranisidine  P  solution  is  made  from  19|  lbs. 
of  chloranisidine  P  mixed  with  20  gallons  of  hot  water  and  15 
lbs.  of  hydrochloric  acid ;  when  dissolved,  add  30  gallons  of  ice- 
cold  water  and  a  solution  of  7  lbs.  of  sodium  nitrite  in  10  gallons 
of  water ;  after  20  minutes  stirring,  add  40  gallons  of  cold  water. 
This  solution  is  poured  into  the  beta-naphthol  solution ;  when 
the  lake  forms,  it  is  allowed  to  settle,  then  washed,  filtered,  and 
finished  as  usual. 

Chloranisidine  lake  is  yellower  in  tone,  brighter  and  more 
fiery  in  appearance  than  a  paranitraniline,  equally  fast  to  light, 
lime,  (fee. 

Heliopurpurine  lakes. — The  heliopurpurine  7BL,  4BL,  and 
GL  of  the  Farbenfabriken  make  very  fine  scarlet  GL  to  crimson 
7BL  lakes  which  are  very  fast  to  light,  lime,  (fee.  They  can  be 
made  into  lakes  by  taking  5  lbs.  of  dye,  dissolving  in  10  gallons 
of  water,  adding  132  lbs.  of  Glauber's  salt  and  100  lbs.  of  barium 
chloride.  Another  plan  is  to  take  3  lbs.  of  dye,  dissolve  in  20 
gallons  of  water,  add  5  lbs.  of  alumina  paste  (made  from  3  lbs. 
of  aluminium  sulphate  and  1^  lbs.  of  sodium  carbonate)  and  4  lbs. 
of  barium  chloride.    The  lakes  are  finished  in  the  ordinary  way. 

Mix  40  lbs.  of  alum  with  10  lbs.  of  soda  ash,  after  separately 
dissolving  them  in  hot  water;  then  add  15  lbs.  of  Excelsior  lake 
scarlet  2JN  (Cassella),  50  lbs.  of  barytes,  and  45  lbs.  of  barium 
chloride.    This  lake  is  very  fine  and  of  a  pure  scarlet  tone. 

ORANGE  LAKES. — Any  of  the  azo-  or  acid  oranges  may 
be  used  to  make  lakes  by  any  of  the  methods  described  under 
the  reds.  The  following  are  three  recipes  for  making  orange 
lakes  : — 

1.  100  lbs.  of  base,  5  lbs.  of  orange  G,  5  lbs.  of  barium  chloride. 

2.  100  lbs.  of  base,  3  lbs.  of  croceine  orange,  4  lbs.  of  barium 
chloride,  used  according  to  the  first  method. 

3.  62  lbs.  of  Glauber's  salt,  10  lbs.  of  orange  G,  70  lbs.  of 
barium  chloride,  used  according  to  method  3. 
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The  base  nitro-toluidine  0  of  Messrs.  Leopold  Cassella  &  Co. 
makes  a  very  fine  deep  orange  lake  of  a  reddish  tone  by  the 
following  method.  Two  solutions  are  required,  one  of  beta- 
naphthol,  the  other  of  nitro-toluidine  C.  Beta-naphthol  solution. — 
11  lbs.  of  beta-naphthol  are  mixed  with  11  lbs.  of  caustic  soda 
lye  (75°  Tw.)  and  11  lbs.  of  soda  ash  dissolved  in  11  gallons  of 
hot  water  j  when  dissolved,  30  gallons  of  cold  water  are  added 
with  300  lbs.  of  barytes,  and  the  whole  allowed  to  cool  down. 
Nitro-toluidine  C  solution. — 12  lbs.  of  nitro-toluidine  C  are  mixed 
with  5  gallons  of  hot  water  and  2|  gallons  of  hydrochloric  acid 
and  dissolved  by  stirring  well.  Then  15  gallons  of  cold  water 
are  added.  When  the  mixture  has  cooled  down  sufficiently  a 
solution  of  5|  lbs.  in  5J  gallons  of  cold  water  is  added,  the 
mixture  stirred  for  20  minutes,  20  gallons  of  cold  water  added, 
and  the  whole  solution  poured  into  the  beta-naphthol  solution ; 
the  lake  forms  quickly;  it  is  allowed  to  settle,  washed,  filtered, 
and  dried.    This  lake  has  good  fastness  to  light  and  lime. 

The  grapholite  orange  base  of  K.  Oehler  can  be  made  into  a  fine 
lake  as  follows: — Two  solutions  are  needed,  one  of  beta-naphthol 
and  one  of  the  grapholite  orange  base  prepared  thus — Beta- 
naphthol  solution. — 18  lbs.  of  caustic  soda  lye  (71°  Tw,)  is  poured 
over  14|  lbs.  of  beta-naphthol ;  20  gallons  of  hot  water  are 
stirred  in  to  complete  the  solution  ;  then  30  gallons  of  cold  water 
are  added,  and  the  whole  is  allowed  to  cool ;  finally,  barytes  to 
the  extent  of  150  lbs.  is  added.  Grapholite  orange  base  solution. — 
13J  lbs.  of  grapholite  orange  base  are  mixed  with  50  lbs.  of  acetic 
acid  and  35^  lbs.  of  hydrochloric  acid ;  after  stirring  well,  add 
3|  gallons  of  cold  water,  and  later  a  further  20  gallons  of  cold 
water;  in  hot  weather  this  should  be  ice-cold  water.  Next, 
there  is  slowly  stirred  in  7^  lbs.  of  sodium  nitrite  dissolved  in 
5  gallons  of  cold  water. 

After  20  minutes'  stirring  this  solution  of  grapholite  orange 
base  is  poured  into  the  beta-naphthol  solution  ;  the  orauge  lake, 
which  forms  immediately,  is  filtered,  washed,  and  finished  as 
usual. 

Mix  100  lbs.  of  barytes  with  10  lbs.  of  orange  ENL  (Cassella) 
and  20  lbs.  of  barium  chloride.  If  a  combined  alumina  and 
barytes  base  be  desired,  the  following  method  can  be  adopted : — 
40  lbs.  of  alum  are  dissolved  in  hot  water;  10  lbs.  of  soda  are 
then  added,  as  also  15  lbs.  of  orange  ENL,  50  lbs.  of  barytes, 
and  45  lbs.  of  barium  chloride.  This  lake  is  much  used  for 
making  an  imitation  red  lead,  either  alone  or  in  admixture  with 
genuine  red  lead. 

Helio-orange  GL  and  E-L  of  the  Farbenfabriken  vorm  Fr. 
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Bayer  &  Co.  make  very  fine  lakes ;  15  lbs.  of  dyestufF  are  mixed 
with  150  lbs.  of  barytes  and  precipitated  with  15  lbs.  of  barium 
chloride.  The  helio-orange  GL  gives  a  purer  orange  lake  than 
the  helio  EL,  which  makes  a  reddish-orange  lake.  Both  are  of 
considerable  brilliancy,  and  fast  to  light  and  lime.  Fine  lakes 
may  also  be  made  by  dissolving  8  lbs.  of  helio-orange  and  132 
lbs.  of  Glauber's  salt  in  water,  and  adding  a  solution  of  110  lbs. 
of  barium  chloride  in  water. 

YELLOW  LAKES. — The  following  recipes  show  the  method 
of  making  yellow  lakes  from  some  of  the  azo-  and  acid  yellows : — 

1.  100  lbs.  of  base,  3  lbs.  of  yellow  N,  10  lbs.  of  lead  acetate. 

2.  100  lbs.  of  base,  3  lbs.  of  Indian  yellow,  5  lbs.  of  barium 
chloride,  used  according  to  method  1. 

3.  62  lbs.  of  Glauber's  salt,  10  lbs.  of  Indian  yellow,  and  70 
lbs.  of  barium  chloride,  used  according  to  method  3. 

Gold  lake. — Mix  100  lbs.  of  barytes  with  6  lbs.  of  soda  ash, 
10  lbs.  of  diamine  fast  yellow  A,  13  lbs.  of  aluminium  sulphate, 
and  20  lbs.  of  barium  chloride. 

BLUE  LAKES.— 1.  100  lbs.  of  base,  2  lbs.  of  Victoria  blue  R, 
5  lbs.  of  barium  chloride. 

2.  100  lbs.  of  base,  2  lbs.  of  alkaline  blue,  5  lbs.  of  barium 
chloride. 

3.  100  lbs.  of  base,  3  lbs.  of  alkaline  blue,  4  lbs.  of  lead  acetate. 
There  are  many  shades  of  alkaline  blue,  ranging  from  a  very 

red  shade  4B,  to  a  very  blue  shade  6B,  so  that  a  great  variety 
of  tints  or  shades  of  lakes  can  be  made ;  the  proportions  of 
colouring  matter  and  precipitant  given  are  only  approximate, 
and  necessarily  they  will  vary  with  the  kind  and  make  of  alkaline 
blue  used. 

These  recipes  are  used  according  to  method  1,  given  under 
red  lakes. 

4.  62  lbs.  of  Glauber's  salt,  2  lbs.  of  alkaline  blue,  70  lbs.  of 
barium  chloride,  used  according  to  method  3,  described  under 
red  lakes. 

5.  Mix  100  lbs.  of  barytes,  50  lbs.  of  blanc  fixe,  5  lbs.  of  new 
methylene  blue  N,  7^  lbs.  of  tannic  acid,  and  7^  lbs.  of  tartar 
emetic.  There  are  various  brands  of  the  new  methylene  blues 
made  by  Messrs.  Leopold  Cassella  &  Co.,  and  by  using  one  or 
other  of  these  in  the  same  manner  as  the  above,  a  variety  of 
blue  lakes  of  different  hues  may  be  got. 

BROWN  LAKES —1.  100  lbs.  of  base,  3  lbs.  of  orchil 
brown  B,  6  lbs.  of  barium  chloride. 

2.  100  lbs.  of  base,  10  lbs.  of  cotton  brown  A,  20  lbs.  of  barium 
chloride.    Both  used  according  to  method  1. 
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3.  62  lbs.  of  Glauber's  salt,  10  lbs.  of  cotton  brown  A,  85  lbs. 
of  barium  chloride,  used  according  to  method  3.  This  gives  a 
dark  reddish  shade  of  brown  lake. 

4.  Mix  100  lbs.  of  barytes  with  6  lbs.  of  soda  ash,  10  lbs.  of 
oxy-diaraine  brown  G,  13  lbs.  of  aluminium  sulphate,  and  20  lbs. 
of  barium  chloride. 

VIOLET  LAKES.— 1.  100  lbs.  of  base,  3  lbs.  of  acid  mauve  B, 
15  lbs.  of  barium  chloride.    This  gives  a  red  shade  of  violet  lake. 

2.  100  lbs.  of  base,  3  lbs.  of  acid  violet  6B,  10  lbs.  of  barium 
chloride.    This  gives  a  blue  shade  of  violet  lake. 

Like  the  alkaline  blues  and  the  basic  violets,  the  acid  violets 
are  made  in  a  variety  of  shades,  from  a  red  3R  to  a  blue  6B,  so 
that  quite  a  large  range  of  violet  lakes,  from  a  red  to  a  violet 
hue,  can  be  made  from  the  acid  violets. 

Both  these  recipes  are  to  be  used  as  described  under  method 
1  of  red  lakes. 

3.  62  lbs.  of  Glauber's  salt,  2  lbs.  of  acid  violet  3B,  72  lbs.  of 
barium  chloride,  used  according  to  the  third  method. 

BLACK  LAKE.— 100  lbs.  of  base,  10  lbs.  of  naphthol  black  B, 
15  lbs.  of  barium  chloride.  This  gives  a  rather  grey  shade  of 
black. 

G-REEN  LAKE.— 100  lbs.  of  base,  5  lbs.  of  naphthol  green  B, 
40  lbs,  of  lead  acetate ;  the  addition  of  a  little  ammonia  completes 
the  precipitation  ;  the  lake  obtained  is  of  an  olive-green  shade. 

It  is  obvious  that,  in  all  the  above  recipes  for  making  lakes 
from  the  acid  coal-tar  colours,  by  varying  the  proportions  between 
the  base  and  the  colouring  matter,  a  great  variety  of  tints  can 
be  obtained  from  the  same  dyestuff;  still,  it  is  advisable  not  to 
reduce  the  proportion  of  dyestuff  too  much  or  the  resulting  lake 
will  have  too  chalky  an  appearance.  In  this  connection  it  may 
be  mentioned  that  barytes  makes  the  best  pale-tinted  lakes; 
china  clay  cannot  be  used  very  satisfactorily  for  this  purpose, 
as,  unless  a  large  proportion  of  dyestuff  is  used  along  with  it, 
it  is  apt  to  make  chalky-looking  lake-pigments.  Necessarily, 
if  the  proportion  of  dyestuff  to  base  be  reduced,  the  quantity  of 
precipitant  required  will  also  be  less;  the  quantities  of  these 
given  in  all  the  above  recipes  should  only  be  taken  as  approxi- 
mate ;  each  particular  sample  of  dyestuff  will  take  its  own  pro- 
portion of  precipitant,  and  as  the  actual  quality  of  a  dyestuff 
varies  with  different  makers,  it  is  scarcely  possible  to  give 
very  exact  proportions,  unless,  of  course,  the  maker's  name 
were  inserted,  and  this  it  is  not  deemed  desirable  to  do  in  this 
book. 
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PIGMENT  DYES. — It  will  be  convenient  to  group  together 
the  range  of  dyes  especially  prepared  by  the  Farbwerke  vorm 
Meister  Lucius  &  Bruning  of  Hoechst-an-Main  for  lake-pigment 
making.  All  are  made  into  pigments  by  any  of  the  methods 
already  given  ;  the  following  give  good  results  with  all : — 8  lbs. 
of  dye  are  mixed  with  40  lbs.  of  barytas  and  30  lbs.  of  Glauber's 
salt ;  there  is  then  added  42  lbs.  of  barium  chloride ;  all  are 
dissolved  in  sufficient  water.  By  varying  the  proportion  of  the 
dye,  lake-pigment  of  varying  shades  or  tints  can  be  produced. 
Pigment  fast  yellow  R  produces  a  full  chrome  yellow  lake  ; 
pigment  fast  yellow  G  a  canary  yellow  lake ;  pigment  chrome 
yellow  L  a  gold  yellow  lake;  and  pigment  chlorine  GG  a  primrose 
yellow  lake.  All  these  yellows  may  be  used  as  substitutes  for 
the  lead-chrome  yellows,  particularly  in  distemper  work  of  all 
kinds,  and  having  the  advantage  of  being  fast  to  lime  and  alkalies 
they  will  resist  sulphur  pigments  and  sulphureous  gases,  while 
they  stand  light  very  well. 

Pigment  orange  P  produces  a  bright  orange  lake  which  is 
more  brilliant  in  tone  than  the  chrome  oranges  and  is  faster. 
It  resists  lime  and  alkalies  very  well.  Pigment  purple  A  and 
pigment  red  G  make  bright  scarlet  lakes  of  a  yellowish  hue  of 
very  good  fastness.  Lake  red  C  makes  a  bright  red  lake  of  good 
quality,  fast  to  lime  and  light.  Carminogen  BB  produces  a 
carmine-red  lake  of  excellent  fastness  to  lime  and  light.  This 
lake  rivals  an  eosine  lake  in  brilliance  and  is  much  faster  in 
many  respects. 

LAKES   FROM   ADJECTIVE  COAL-TAR 
COLOURING  MATTERS. 

The  third  group  of  coal-tar  colours  are  called  the  adjective 
or  sometimes  the  mordant  dyeing,  dyestufFs,  from  the  fact  that, 
as  already  pointed  out,  they  require  the  aid  of  a  mordant,  as  it 
is  called,  to  properly  develop  and  fix  the  colour;  in  the  most 
representative  members  of  this  group,  alizarine,  nitrosoresorcin, 
gain  bine,  cfec,  the  colour  which  is  formed  varies  with  the  mordant 
used  (see  p.  266).  Most,  if  not  all,  the  dyestuffs  which  belong 
to  this  group  possess  acid  properties,  and  have  the  property  of 
combining  with  metallic  oxides,  like  those  of  alumina,  iron, 
chrome,  tin,  lead,  &c.,  to  form  compounds  which  are  more  or  less 
coloured,  and  quite  insoluble  in  water ;  it  is  on  this  property 
that  their  value  in  dyeing,  calico-printing,  or  in  lake-making 
depends.  In  the  two  former  arts  the  colour  lake  resulting  from 
the  combination  of  the  dyestuff  with  the  metallic  oxide  is  formed 
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on  the  fibre,  while  in  the  last  it  is  formed  in  the  free  condition 
or  on  a  base  of  some  kind.  The  general  principle  which  under- 
lies the  various  processes  for  the  preparation  of  lake  pigments 
from  this  group  of  dyestuffs  is  that  of  bringing  the  dyestufF  into 
contact  with  the  oxide  of  the  metal  with  which  it  is  desired  to 
combine  it,  and  thus  cause  the  colour  lake  to  be  formed. 

The  principal  colouring  matters  of  this  group  are  alizarine  and 
purpurine ;  these  two  bodies  are  sold  under  the  general  name  of 
alizarine,  which  is  made  in  several  brands  distinguished  by  letters, 
AD,  SX,  V,  G,  (fee.  Practically,  there  are  two  kinds  of  alizarine — 
alizarine  yellow  shade,  which,  with  alumina,  gives  scarlet  reds, 
and  consists  principally  of  alizarine ;  the  other  kind  is  the  aliza- 
rine blue  shade,  which,  with  alumina,  gives  more  crimson  reds 
than  the  last,  and  consists  mostly  of  purpurine.  Then  there  are 
alizarine  blue,  alizarine  yellow,  alizarine  cyanine,  gallein,  gallo- 
cyanine,  galloflavine,  nitrosoresorcin,  gambine,  &c. 

ALIZARINE  LAKES. — Yarious  processes  can  be  employed 
for  converting  alizarine  into  lakes. 

1.  Pure  Alizarine  Lake. — Mix  20  ozs.  of  ordinary  commercial 
alizarine*  with  1^  galls,  of  water;  then  add  10  ozs.  of  alumina 
sulphate  previously  dissolved  in  water,  and  2  ozs.  of  calcium 
acetate  dissolved  in  water ;  boil  the  whole  together  for  about  an 
hour;  then  add  10  ozs.  of  soda  crystals  dissolved  in  water  in 
small  quantities  at  a  time,  at  intervals  long  enough  to  allow  of 
the  subsidence  of  the  effervescence  thus  set  up.  The  whole  mass 
is  now  boiled  for  about  an  hour,  then  allowed  to  stand  for  24 
hours,  filtered,  washed,  and  dried.  This  makes  a  dark  red  lake 
of  good  body  and  staining  power.  The  shade  or  tint  will  depend 
upon  the  kind  of  alizarine  used.  Excess  of  soda  crystals  should 
be  avoided,  as  it  causes  the  lake  to  be  of  a  dark  colour. 

2.  Dark  Red  Alizarine  Lake. — Diffuse  100  lbs.  of  barytes 
through  50  gallons  of  water,  add  20  lbs.  of  alizarine,  10  lbs.  of 
aluminium  sulphate,  and  2  parts  of  calcium  acetate;  stir  well 
together,  and  then  allow  to  stand  for  two  or  three  hours,  stirring 
at  intervals  to  keep  the  ingredients  well  mixed.  Heat  slowly, 
so  as  to  take  about  two  hours  to  reach  the  boiling  point,  and,  at 
intervals,  add  portions  of  a  solution  of  10  lbs.  of  soda  crystals. 
Much  of  the  beauty  of  the  resulting  lake  depends  on  the  care 

*  Nearly  all  the  so-called  alizarine  colours  are  sold  in  the  form  of  a  paste, 
containing  about  20  per  cent,  of  actual  colouring  matter.  The  reason  for 
this  form  is  that,  as  a  rule,  these  dyestuffs  are  insoluble  in  water,  and  it 
has  been  found  by  practical  experience  that,  if  sold  in  a  dry  form,  the 
dyestufF  does  not  mix  well  with  water,  and  that  they  thus  give  rise  to  un- 
even dyeing,  while  the  paste  form  mixes  very  well  with  water,  and  uneven 
dveing  rarely  occurs. 
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exercised  during  this  stage  of  the  process;  too  rapid  heating,  and 
too  rapid  addition  of  the  soda  crystals,  has  a  tendency  to  cause 
the  shade  of  the  lake  to  be  shorter  than  it  should  be.  The  lake 
obtained  by  this  process  is  of  a  fine  ruby-red  colour.  After  it  is 
formed,  as  described  above,  it  is  finished  in  the  usual  way. 

3.  Alizarine  Lake.— Diffuse  100  lbs.  of  barytes  through 
50  gallons  of  water,  add  10  lbs.  of  oleine  or  Turkey-red  oil, 
and  boil  for  one  hour;  allow  to  stand  for  twenty-four  hours, 
stirring  up  at  intervals,  add  20  lbs.  of  aluminium  acetate 
(12°  Tw.),  and  2  lbs.  of  calcium  acetate,  stir  all  well  together, 
and  allow  to  stand  for  two  days;  then  boil  well  for  two  hours, 
adding  at  the  same  time  5  lbs.  of  soda  crystals.  When  the  lake 
has  formed,  filter  off,  wash,  and  dry. 

4.  Alizarine  Red  Lake. — 6|  lbs.  of  aluminium  sulphate  are 
dissolved  in  water,  and  to  this  solution  one  of  1  lb.  of  calcium 
chloride  is  added;  a  precipitate  of  calcium  sulphate  is  obtained, 
but,  before  this  has  had  time  to  settle  out,  a  solution  of  4|  lbs.  of 
soda  crystals  is  added ;  the  precipitate  of  aluminium  and  calcium 
sulphate  thus  obtained  is  collected  on  a  filter  and  washed.  It  is 
then  introduced  into  a  solution  containing  3  lbs.  of  alizarine, 
1  lb.  of  Turkey-red  oil,  and  1^  oz.  of  tannic  acid,  and  the  mixture 
heated  for  half  an  hour  to  about  70°  C,  when  it  will  be  found 
that  the  alumina  has  taken  up  all  the  alizarine,  and  become 
dyed  thereby.  It  is  now  boiled  for  one  hour  longer,  and  then 
finished  in  the  usual  way. 

5.  Alizarine  Red  Lake. — MuUer  Jacobs  has  patented,  in 
Germany,  the  following  process  for  making  an  alizarine  lake: — 
50  grammes  of  alizarine  oil  are  dissolved  in  1,400  cc.  of  water, 
15  grammes  of  alizarine,  and  0*2  grammes  of  tannic  acid ;  the 
mixture  is  heated  to  boiling,  when  60  cc.  of  a  solution  of 
aluminium  sulphate  of  1*1014:  (20*3°  Tw.)  specific  gravity,  which 
has  been  previously  mixed  with  22  per  cent,  of  soda  crystals,  are 
added.  The  lake  soon  forms,  especially  on  boiling  for  some  time; 
it  contains  some  oil  which  can  be  extracted  with  ether.  The 
use  of  such  a  large  proportion  of  oil  is  objectionable,  as  it 
makes  the  resulting  lake  very  greasy,  and  prevents  its  use  for 
certain  purposes.  Moreover,  it  is  not  practicable  on  a  com- 
mercial scale,  owing  to  the  cost  involved  in  extracting  this 
excess  of  oil. 

6.  Alizarine  Scarlet  Lake. — A  very  fine  lake  is  made  in  the 
following  manner: — 6f  lbs.  of  aluminium  sulphate  are  dissolved 
in  20  gallons  of  water;  to  this  is  added  the  solution  of  1  lb.  of 
calcium  chloride  in  1  gallon  of  water,  and  immediately  after  a 
solution  of  4^  lbs.  of  soda  ash  dissolved  in  10  gallons  of  water. 
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A  precipitate  of  alumina  is  obtained,  mixed  with  some  sul- 
phate of  calcium ;  this  precipitate  is  collected  and  well  washed. 
It  is  now  diffused  through  10  to  15  gallons  of  water,  and  there 
is  added  3  lbs.  of  alizarine,  1  lb.  of  Turkey- red  oil,  and  1^  oz. 
tannic  acid,  the  mixture  being  heated  to  from  160°  to  165°  F. 
and  kept  at  that  heat  for  about  half  an  hour,  when  ^  lb.  more  of 
Turkey-red  oil  is  added.  Then  the  whole  mass  is  boiled  for  one 
hour,  after  which  the  lake  is  ready  for  washing  and  drying.  It 
is  important  that  the  aluminium  sulphate  used  be  free  from 
iron,  and  that,  during  the  process  of  making,  the  materials  be 
kept  free  from  contact  with  that  metal,  or  the  colour  of  the  lake 
will  be  deteriorated. 

In  making  alizarine  lakes  it  is  important  to  use  an  aluminium 
sulphate  which  is  free  from  iron,  as  this  latter  ingredient  has  a 
great  and  deteriorating  influence  upon  the  colour  of  the  resulting 
lake;  very  small  traces  of  iron  are  sufficient  to  give  a  brown 
hue  to  the  lake. 

The  methods  of  making  lakes  from  alizarine,  just  described, 
are  equally  applicable  to  the  preparation  of  lakes  from  the  other 
alizarine  dyestuffs. 

SCARLET  LAKES  may  be  made  from  a  mixture  of  alizarine 
and  alizarine  orange. 

YELLOW  LAKES  can  be  made  from  alizarine  yellow, 
galloflavine,  gambine  yellow,  and  flavasol,  by  any  of  the  above 
processes,  using  aluminium  salts  as  precipitants.  Generally  a 
very  satisfactory  lake,  of  good  colour,  can  be  readily  obtained 
from  any  of  the  dyestuffs  named. 

ORANGE  LAKE  can  be  made  from  alizarine  orange,  or  by 
using  a  mixture  of  alizarine  and  one  of  the  yellows  just  named. 

MAROON  or  CLARET  LAKES  can  be  obtained  from 
alizarine,  by  substituting  acetate  of  chrome  for  aluminium 
acetate,  in  process  No.  3  above,  or  by  employing  13  lbs.  of 
chrome  alum  in  place  of  aluminium  sulphate  in  process  No.  6 
above. 

BLUE  LAKES  can  be  obtained  from  alizarine  blue,  alizarine 
cyanine,  or  chrome  blue,  by  using  chrome  acetate  as  a  pre- 
cipitating agent,  and  the  process  described  in  No.  3  of  alizarine 
lakes,  or  by  substituting  13  lbs.  of  chrome  alum  for  the 
aluminium  sulphate  in  process  No.  6  above. 

GREEN  LAKES  can  be  made  from  nitrosoresorcin  and 
gambine  by  using  iron  sulphate  as  the  precipitating  agent; 
the  lakes  from  gambine  are  rather  brighter  than  those  from 
the  resorcin  product.  Dark  green  lakes  can  also  be  obtained 
from  coerulein  by  using  chrome  acetate  as  the  precipitant. 
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VIOLET  LAKES  can  be  made  from  chrome  violet  by 
using  chrome  acetate  as  the  precipitant;  or  from  gallein  and 
gallocyanine,  by  using  either  chrome  or  aluminium  salts  as 
precipitants. 

BROWN  LAKES  can  be  made  from  anthracene  brown  with 
chrome  acetate  as  the  precipitant. 

It  has  not  been  thought  needful  to  give  full  details  of  the 
method  for  converting  all  the  alizarine  colours  into  lakes,  as 
the  process  or  processes,  and  the  proportions  of  materials  used 
are  very  similar  to  those  which  are  used  for  making  alizarine 
lakes,  and  these  have  been  fully  dealt  with.  Any  intelligent 
colour-maker  can  easily  apply  the  proportions  and  process  for 
making  an  alizarine  red  to  making  an  alizarine  blue-lake. 

The  great  merit  which  distinguishes  the  lakes  made  from  the 
alizarine  group  of  dyesfcuffs  is  that  of  being  permanent ;  they 
resist  a  considerable  amount  of  exposure  to  air  and  light  without 
becoming  faded  or  dull,  they  can,  therefore,  be  used  for  decora- 
tive or  artistic  purposes  where  some  degree  of  permanence  is 
essential ;  still,  even  in  this  property,  they  are  by  no  means 
equal  to  such  pigments  as  vermilion  or  yellow-ochre  or  chrome- 
yellow. 

It  is  important  for  many  kinds  of  work  that  the  lake  shall  not 
impart  any  colour  to  water,  or  oil,  or  alcohol,  as,  if  the  lake  be 
used  for  printing  wall  papers,  it  would  then  tend  to  run,  and 
that  is  a  defect  that  is  not  desired.  It  is  important  that  a 
maker  of  tar-colour  lakes  should  use  only  dyes  that  are  com- 
pletely precipitated  from  weak  solutions,  and  also  to  employ 
only  these  processes  which  will  ensure  complete  precipitation. 
There  are  many  dyes  which  cannot  be  completely  precipitated, 
and,  although  these  are  often  recommended  for  lake-making,  yet 
their  use  should  be  avoided.  Lake-makers  ought  to  make  trial 
tests  with  all  dyes  they  use,  or  have  offered  them,  to  ensure 
using  the  right  ones. 

ANALYSIS  OP  LAKE  PIGMENTS. 

Owing  to  the  variety  of  dyestuff  employed,  the  absence  of  any 
standard  names  for  the  lake  pigments,  and  the  variety  of  bases 
employed,  it  is  not  possible  to  give  any  specific  scheme  for  the 
analysis  of  these  lakes  or  the  detection  of  the  dyestuff  employed 
in  making  them.  Much  information  may  be  gleaned  as  to  the 
nature  of  the  dyestuff  by  shaking  or  warming  separate  portions 
with  alcohol,  caustic  soda,  strong  hydrochloric  acid,  strong 
sulphuric  acid,  and  strong  nitric  acid,  and  observing  any  changes 
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of  colour  and  appearance  of  the  solutions  as  compared  with 
similar  tests  on  lakes  made  from  known  dyestuffs. 

Lakes  made  from  the  eosines  and  rhodamines  invariably  give 
a  pinkish  alcoholic  solution  with  a  strong  yellow  fluorescence. 
Violet  blue-green  lakes  made  from  basic  or  sulpho-basic  dyes 
turn  yellow  by  acids,  but  on  adding  much  water  the  colour  is 
restored. 

Safranine  lakes  are  turned  blue  by  acids,  while  lakes  made 
from  alizarine  are  turned  violet  by  caustic  soda. 

As  regards  the  base,  most  are  made  on  white  pigments,  and 
such,  on  being  heated  in  a  crucible,  turn  white;  here  it  may  be 
noted  that  a  red  lake  made  from  paranitraniline  is  somewhat 
volatile  and  will  sublime  on  being  heated.  This  white  pigment 
may  be  examined  for  alumina,  barytes,  &c.,  by  the  usual 
methods  given  in  the  sections  referring  to  each  pigment. 

Lakes  made  with  orange  lead  or  white  lead  leave  a  residue 
of  lead  easily  detected  by  the  tests  given  in  the  sections  dealing 
with  those  pigments. 

Chemical  composition  is  not  of  great  importance,  except  in 
those  cases  where  a  special  lake  is  required ;  what  is  more 
important  is — whether  the  lake  is  permanent  to  light  and 
exposure,  fast  to  lime,  can  be  mixed  with  various  paint  vehicles 
without  the  colour  running  or  bleeding  out;  whether  it  is  of  the 
right  depth  or  tint  of  colour,  and  so  on.  Methods  which  can 
be  applied  to  ascertain  these  points  are  described  in  the  next 
chapter. 

Lake  pigments  prepared  from  various  coal-tar  dyes  by  the 
methods  described  in  the  preceding  pages  are  now  largely  used 
in  the  manufacture  of  letterpress  and  lithographic  printing  inks, 
and,  on  the  whole,  they  are  found  to  answer  very  well  for  this 
purpose,  working  well  in  conjunction  with  the  other  constituents 
of  the  ink.  The  lake  pigments  are  sold  under  a  variety  of 
names  and  brands  or  marks,  varying  with  different  makers,  and 
affording  no  clue  to  their  composition  or  to  the  dye  from  which 
they  are  made.  Where  brilliant  coloured  inks  are  required 
without  any  great  fastness,  the  Eosine  and  Erythrosine  red 
lakes  can  be  used  for  red  inks ;  when  fastness  is  desired,  then 
the  Alizarine  and  Azo  red  lakes  should  be  used.  The  methyl 
and  other  violets  give  lakes  of  great  brilliance,  but  are  not  fast 
to  light.  Fast  greens  of  any  brilliance  are  not  known,  although 
the  lake  pigment  from  Naphthol  green  B  can  be  used  for  making 
a  green  ink  of  some  degree  of  fastness  to  light. 
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CHAPTER  X. 

ASSAY  AND  ANALYSIS  OP  PIGMENTS. 

Besides  the  analysis  required  for  ascertaining  the  chemical 
purity  of  a  sample  of  a  pigment,  it  is  also  necessary,  with  many 
of  the  pigments,  to  make  an  examination  or  assay  for  other 
properties — such  as  colour  or  hue,  brilliancy,  colouring  power, 
covering  power  or  body,  durability,  fineness,  and  what  may  be 
called  miscibility.  In  some  pigments  they  are  fairly  constant  in 
degree,  while  in  others — such  as  the  chromes,  ochres,  umbers, 
blacks,  (fee. — they  are  very  variable,  hence  due  precaution  should 
be  taken,  both  by  purchasers  and  makers,  that  every  lot  of  pig- 
ments is  uniform,  both  in  quality  and  intensity. 

1.  COLOUIl  or  HUE.— The  tint  or  shade  of  a  pig- 
ment is  a  matter  of  the  greatest  importance.  The  terms, 
as  used  by  colourists,  are,  however,  rather  confusing ;  thus 
some  persons  consider  tints  to  mean  the  standard  colour 
mixed  with  white  so  as  to  obtain  lighter  colours ;  shades 
they  consider  to  be  those  produced  by  mixing  the  standard 
colour  with  black ;  while  other  persons  use  these  terms  as 
if  they  were  synonymous,  and  speak  of  the  shade  or  tint  of  a 
colour  without  any  reference  to  a  standard.  This,  perhaps,  is 
the  custom  more  particularly  in  the  dyeing  trades.  Under  these 
circumstances  it  will  be  best  to  use  a  term  which  is  free  from 
any  liability  of  confusion,  viz.,  "hue."  The  hue  of  a  colour  may 
be  defined  as  the  optical  efiect  produced  on  our  colour-sense  by 
a  pigment. 

The  hue  of  a  pigment  is  a  variable  quantity  ;  in  some  cases, 
such  as  vermilion  and  antimony  orange,  where  the  chemical 
composition  is  a  definite  one,  and  does  not  vary  with  different 
makers  and  batches,  the  hue  only  varies  within  small  limits. 
In  other  cases,  such  as  the  chrome-yellows,  Brunswick  greens, 
and  many  others,  where  the  composition  is  liable  to  vary  with 
different  makers,  and  even  with  different  batches  of  the  same 
maker — as  also  the  ochres,  umbers,  and  other  natural  pigments — 
the  hue  varies  very  much.     In  such  cases,  the  terms — pale, 
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medium,  dark,  (fee. — are  arbitrary  distinctions  which  are  by  no 
means  uniformly  indicative  of  the  same  precise  intensity  of  hue. 
Hence,  in  all  such  pigments,  special  examination  is  required  in 
order  to  determine  what  the  actual  intensity  is. 

The  assaying  of  a  pigment  for  hue  can  be  done  in  two  ways — 
comparatively  or  absolutely;  the  former  is  the  one  usually 
adopted. 

Comparative  Method  of  Assaying  Pigments. — In  this 
method  the  hue  of  a  sample  is  simply  compared  with  that  of 
a  standard  sample  and  the  results  stated  in  terms  of  this 
standard.  For  this  purpose  a  sample  of  the  best  quality  is 
selected,  and  a  fair  quantity  of  it  is  placed  in  a  bottle.  Colours 
which  are  acted  on  by  light,  such  as  the  chrome-yellows,  Bruns- 
wick-greens, and  others,  are  placed  in  orange  or  amber  coloured 
bottles  to  protect  them  from  such  action;  while  white  pigments, 
black  pigments,  ochres,  umbers,  and  the  permanent  colours 
generally,  are  kept  in  ordinary  bottles.  These  samples  form 
the  standards. 

The  method  of  assaying  the  hue  of  a  pigment  by  comparison 
with  a  standard  sample  is  simple,  but  experience  and  a  good 
eye  for  colour  are  essential  requisites ;  some  persons  can  detect 
very  small  differences  in  the  hues  of  pigments,  while  others  are 
deficient  in  this  respect,  and  consequently  do  not  make  good 
assayers  of  hue.   The  colour  sense  can  be  improved  by  cultivation. 

A  sheet  of  black  paper  for  pale  colours,  or  of  white  paper  for 
dark  colours,  is  placed  in  front  of  a  good  window  and  in 
diffused  light,  this  being  the  best  for  assaying  hue.  The  paper 
must  have  a  dead  surface,  as  a  bright  one  interferes  with  the 
observations  too  much.  A  small  heap  of  the  standard  colour  is 
placed  on  the  paper  by  means  of  a  palette  knife,  and  beside  it  a 
similar  heap  of  the  colour  to  be  compared ;  then,  by  a  gentle  but 
steady  downward  pressure  with  the  knife,  the  surfaces  of  the  two 
heaps  are  flattened  in  such  a  way  that  a  distinct  line  separates 
the  two  colours;  if  the  knife  is  moved  at  all  laterally,  the  two 
heaps  of  colours  are  partially  amalgamated,  and  a  perfect  com- 
parison thereby  precluded.  The  observer  now  carefully  compares 
the  two  heaps  of  colour ;  this  should  be  done  in  several  ways, 
viz.,  by  looking  down  on  them,  by  holding  the  paper  on  a  level 
with  the  eyes  and  looking  sideways  at  the  colours,  &c. ;  by  this 
means  and  with  a  little  experience  the  differences  in  the  hue  of 
colours  can  be  readily  observed. 

There  are  two  points  in  connection  with  the  hue  of  a  colour 
which  can  thus  be  compared  with  a  standard  colour :  1st,  depth; 
2nd,  tone.    The  two  samples  being  compared  may  be  equal  in 
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depth  of  hue  or  colour,  yet  different  in  tone.  For  instance,  in 
two  vermilionettes,  the  standard  sample  may  have  a  bluish  tone, 
while  the  sample  compared  with  it  may  have  a  redder  tone. 
Again,  two  samples  of  chrome-yellow  when  compared  together 
in  this  way  may  show  differences  of  tone  ;  one  may  be  a  greenish- 
yellow,  while  the  other  may  have  an  orange  tone.  These  differ- 
ences in  tone  are  of  quite  as  much  importance  as  differences  of 
depth  of  hue,  as  occasionally  they  will  have  an  influence  on  the 
use  of  a  pigment ;  thus,  an  orange-toned  chrome-yellow  does  not 
mix  with  Prussian  blue  to  make  greens  as  well  as  a  greenish 
toned  chrome-yellow  does. 

Absolute  Method  of  Assaying  Hue. — An  absolute  method 
of  assaying  pigments  for  hue  may  be  founded  on  the  use  of 
an  instrument  devised  b}''  Captain  Abney,  named  by  him  a 
"colour  patch"  apparatus.  It  is  described  in  his  book  on 
Colour  Measurement  and  Mixture.  This  method,  while  of  some 
interest  from  a  scientific  point  of  view,  is,  however,  scarcely  one 
which  will  come  into  practical  use  in  a  colour  shop,  owing  to 
its  rather  complex  construction  and  to  its  requiring  powers  of 
experimenting  beyond  those  of  colour-makers  generally.  How- 
ever, a  brief  description  of  the  process  and  apparatus  may  be  use- 
ful. The  colour  patch  apparatus  consists,  first,  of  a  spectroscope, 
with  which  a  spectrum  of  the  light  from  an  arc  electric  lamp  can 
be  formed  on  the  screen  of  a  camera;  by  substituting  a  slide 
having  a  narrow  slit  in  it  for  this  screen  and  passing  the  light 
which  comes  through  this  slit  through  a  lens,  a  patch  of  coloured 
light  can  be  obtained  on  a  screen  placed  behind  the  camera;  the 
colour  of  this  patch  will  depend  upon  the  position  of  the  slit  in 
relation  to  the  spectrum  which  falls  upon  it  and  will  necessarily 
be  monochromatic.  The  arc  electric  lamp  is  preferred  as  the 
source  of  light,  because  it  can  be  more  depended  upon  than  any 
other  kind  of  light  for  uniformity  in  amount  and  quality,  which 
feature  is  of  importance  where  light  measurements  have  to  be 
made. 

Another  part  of  the  apparatus  consists  of  an  arrangement  by 
which  a  disc  of  coloured  card  can  be  rotated ;  the  same  apparatus 
also  carries  a  larger  pair  of  overlapping  black  and  white  discs,  the 
amount  of  overlapping  being  capable  of  variation  at  will.  This 
is  placed  so  that  the  colour  patch  falls  partly  upon  the  coloured 
disc  and  partly  upon  the  black  and  white  discs  ;  these  are  rotated, 
and  the  slit  of  the  colour  patch  apparatus  moved  along  the  spec- 
trum until  a  point  is  reached  when  the  luminosity  of  the  patch  on 
the  two  discs  is  equal.  Then  a  note  is  made  of  the  position  of  the 
slit,  as  given  on  a  scale  attached  to  the  colour  patch  apparatus, 
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and  also  of  the  relative  quantity  of  black  and  white  exposed  in 
the  black  and  white  discs  ;  then  another  trial  is  made  in  the 
same  way,  only  that  the  black  and  white  discs  are  altered  so  that 
a  different  proportion  of  the  two  colours  are  exposed.  It  will 
now  be  found  that  equal  luminosity  of  the  colour  patch  on  the 
discs  occurs  when  the  slit  is  in  a  different  part  of  the  spectrum 
to  what  it  was  before  the  two  measurements  were  made.  These 
measurements  are  repeated  for  various  proportional  exposures  of 
the  black  and  white  discs.  Then  on  a  chart  is  drawn  two  sets 
of  lines,  viz.,  a  horizontal  set,  to  show  tlie  proportions  of  black 
and  white ;  and  a  vertical  set,  to  show  tlie  position  of  the  slit 
on  the  spectrum.  Then  by  drawing  a  line  through  the  points 
given  by  the  various  readings,  a  curve  is  obtained  indicating  the 
reflecting  power  of  the  particular  pigment  experimented  with  in 
each  part  of  the  spectrum. 

By  carrying  out  this  system  with  different  pigments  we  are 
able  to  see  how  one  compares  with  another. 

By  a  modification  of  the  experiment  the  light  reflected  from  a 
surface  painted  with  a  pigment  can  be  compared  with  that  which 
is  reflected  from  a  surface  painted  with  a  standard  sample  of  the 
pigment.  If  instead  of  laying  down  the  curve  on  a  chart,  it  is 
drawn  on  a  sector  of  a  circle,  so  that  the  scale  of  the  spectrum 
is  measured  off  along  a  radius  and  the  relative  intensities  on 
concentric  circles,  then  a  curve  of  somewhat  different  shape  is 
obtained.  If  this  be  cut  out  it  forms  a  colour  template  which, 
when  revolved  in  front  of  the  spectrum  formed  in  the  apparatus, 
cuts  off  just  enough  light  that  the  remainder  forms  a  colour 
patch  of  the  same  hue  as  the  colour  pigment ;  by  causing  a  patch 
of  colour  to  be  formed  side  by  side  with  the  colour  patch,  the 
relative  hues  may  be  accurately  compared  together.  This  second 
patch  of  colour  is  obtained  by  reflecting  from  a  surface  painted 
with  the  pigment.  By  making  templates  in  this  way  and  using 
the  colour  patch  apparatus  in  the  manner  indicated,  there  is  a 
certain  method  of  comparing  hues  of  pigments. 

THE  TIN  TOMETER.— Mr.  J.  W.  Lovibond  of  Salisbury  has 
devised,  for  the  purpose  of  making  colour  measurements,  an  instru- 
ment which  he  has  named  *'the  Tintometer.''  This  instrument 
consists  of  a  rectangular  pyramidal  tube  with  an  eyepiece  at  the 
smaller  end.  The  tube  is  divided  by  a  longitudinal  division  so 
that  it  is  possible  to  view  two  different  coloured  objects  at  one 
time  and  compare  their  colour  or  tints  together.  To  apply  the 
instrument  for  colour  measurement,  there  is  provided  a  set  of 
standard  coloured  glasses  which  can  be  placed  in  suitable  grooves 
in  the  tube  of  the  instrument.    To  apply  the  tintometer  to  the 
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examination  of  pigments,  the  following  plan  may  be  adopted. 
The  instrument  is  placed  in  an  inclined  position  in  front  of  a 
well-lighted  window.  A  small  shallow  box  filled  with  the  colour 
to  be  examined  is  placed  under  one  half  of  the  tintometer  and  a 
similar  box  filled  with  precipitated  sulphate  of  lime  under  the 
other  half,  the  surfaces  of  both  bodies  being  flattened.  There  is 
then  obtained  reflected  coloured  light  in  one  half  of  the  instru- 
ment and  reflected  white  light  in  the  other.  In  this  half  of  the 
tube  is  now  placed  one  or  more  of  the  standard  colour  glasses 
until  the  colour  and  tint  of  the  pigment  is  exactly  matched  ;  the 
number  of  glasses  used  is  then  recorded  for  future  reference. 

BRILLIANCY  or  LUMINOSITY.— This  is  an  important 
feature  of  pigments,  and  one  in  which  different  makes  of  the 
same  pigments  are  rather  liable  to  vary.  As  with  hue,  brilliancy 
is  assayed  by  comparison  with  a  standard  sample,  and  this  can 
be  done  in  precisely  the  same  manner  as  described  for  hue. 

COLOURING  POWER.— Colouring  power  is  that  property 
of  pigments  which  enables  them  to  give  colour  to  surfaces  and 
to  other  pigments.  As  explained  in  another  place,  pigments 
possess  three  properties  available  for  paint  making,  viz.,  colour, 
body,  and  covering  power  (see  below).  Some  pigments  are 
used  almost  solely  on  account  of  their  colour,  as,  for  instance, 
carmine,  Prussian  blue,  ultramarine,  vermilionettes ;  hence  with 
these  strength  of  colour  or  colouring  power  is  an  important 
feature.  Other  pigments  are  used  solely  on  account  of  their 
covering  power,  and  then  colour  is  immaterial. 

Colouring  power  is  tested  also  by  comparison  with  a  standard 
sample.  In  principle  it  is  done  by  ascertaining  how  much  of 
another  pigment  it  will  colour  to  a  given  depth. 

Supposing  it  is  a  sample  of  vermilionette  whose  colouring 
power  is  to  be  determined,  then  10  grms.  of  the  sample  are 
weighed  out  and  mixed  with  30  grms.  of  china  clay;  the  mixing 
must  be  thoroughly  done.  10  grms.  of  the  standard  sample  are 
mixed  in  the  same  way  with  30  grms.  of  the  same  sample  of 
china  clay.  The  two  mixtures  are  now  compared  together  for 
depth  of  colour  as  described  above ;  if  the  two  samples  are  equal 
in  colouring  power,  the  depth  of  colour  of  the  two  mixtures  will 
be  the  same ;  if  one  is  stronger  than  the  other,  then  one  of  the 
mixtures  will  be  darker  than  the  other.  Some  idea  of  the 
relative  strength  of  colouring  power  may  be  obtained  by  adding 
small  and  known  weights  of  china  clay  to  the  darkest  sample 
until  the  tint  of  the  mixtures  are  equal  to  one  another ;  then 
the  samples  have  a  colouring  power  proportional  to  the  amount 
of  china  clay  used ;  thus,  if  one  sample  took  30  grms.  of  china 
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clay  and  the  other  sample  37*5  grms.,  then  the  relative  colouring 
power  is  as  30  to  37*5 ;  or,  if  the  strongest  sample  be  taken  at 
100,  then  the  colouring  power  may  be  expressed  in  percentages 
thus,  37*5  :  30  :  :  100  :  80;  the  weakest  colour  has  only  80  per 
cent,  of  the  colouring  power  of  the  strongest. 

Again,  in  making  some  experiments  to  test  the  comparative 
colouring  powers  of  Orr's  white  and  white  lead,  5  grms.  of  the 
former  were  mixed  with  146  grms.  of  blue,  and  the  tint  thus 
formed  was  found  to  be  exactly  matched  by  a  mixture  of  5  grms. 
of  white  lead  with  0*55  grm.  of  blue.    Hence  we  have — 

146  :  55  :;  100  =  236-6 

that  is,  100  parts  of  Orr's  white  is  equal  to  236*6  parts  of  white 
lead  as  regards  colouring  power. 

A  series  of  experiments  carried  out  to  ascertain  the  colouring 
power  of  various  white  pigments  resulted  in  the  following  figures 
being  obtained.  10  grms.  of  each  white  was  taken  and  mixed 
with  a  quantity  of  black  to  produce  a  uniform  grey  tint,  the 
amount  of  black  so  used  was  noted  and  was  as  follows  : — 


Pigment.  of  black  ^o^o"" 

used. 

Barytes,   1  100 

Zinc  white,   2  200 

Whiting,   2  200 

China  clay,   2  200 

White  lead,    ......  1^  125 

Lead  sulphate  (precipitated),  ...  1  100 

Orr's  white,   2^  225 

Gardner's  white  lead,     ....  2^  225 

Gypsum,   1^^  150 


As  the  toning  colour  for  all  pigments  except  whites  a  good 
sample  of  china  clay  may  be  used ;  gypsum  also  makes  a  good 
toning  colour  ;  barytes  and  white  lead  are  a  little  too  heavy. 
For  whites  a  good  animal  black  makes  a  good  toning  colour. 

When  a  large  number  of  assays  for  colouring  power  have  to  be 
made  a  standard  tint  should  be  made  by  taking,  say,  50  grammes 
of  the  standard  sample,  and  mixing  with  about  twice  its  weight 
of  the  toning  colour ;  this  tint  may  be  used  in  subsequent  tests, 
and  will  save  some  time  in  the  preparation  of  a  standard  tint. 
It  is  important,  however,  that  the  same  sample  of  toning  colour 
be  used  to  mix  with  the  samples,  whose  colouring  power  is  being 
tested,  as  has  been  used  in  making  the  standard  tint. 

COVERING  POWER,  BODY.— Covering  power  and  body 
are  terms  used  by  colourmen  and  painters  as  being  more  or  less 
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synonymous,  but  it  is  quite  possible,  nay,  indeed,  it  is  almost 
certain,  that  under  these  terms  two  different  properties  of  pig- 
ments have  been  and  are  confused  together. 

By  covering  power  is  really  meant  the  spreading  power  of  a 
pigment — that  is,  when  mixed  with  oil,  &c.,  into  a  paint  of 
suitable  consistency,  this  paint  can  be  spread  over  a  certain 
extent  of  surface.  Now,  if  equal  weights  of  various  pigments 
be  taken  and  mixed  with  oil  (sufficient  being  used  in  each  case 
to  bring  them  into  a  proper  consistency  for  laying  on)  and  each 
paint  be  spread  over  a  surface  as  far  as  it  will  go,  care  being 
taken  to  get  as  even  a  coat  as  possible,  a  comparison  can  be 
made ;  that  which  covers  the  most  surface  has  the  greatest 
covering  power  or  spreading  power  (see  below). 

By  body  is  meant  the  power  of  hiding  the  surface  over  which 
the  pigment  or  paint  is  spread.  Thus,  while  the  covering  power 
of  zinc  white  is  better  than  that  of  white  lead,  its  body  is  far 
inferior. 

It  will  be  well  to  consider  these  two  properties  together,  for  it 
is  rather  difficult  to  differentiate  between  them.  Some  pigments, 
such  as  crimson  lake,  Prussian  blue,  and  barytes,  are  deficient 
in  body  although  good  in  covering  power ;  others,  such  as  white 
lead  and  chrome  yellow,  have  excellent  body,  but  often  do  not 
cover  well ;  while  others,  such  as  Orr's  white  and  ochres,  possess 
both  good  covering  powers  and  good  body.  In  the  same  pigment 
both  the  covering  power  and  the  body  are  liable  to  vary  to  a 
greater  or  less  extent.  To  some  extent  the  covering  power  and 
body  are  dependent  upon  the  condition  of  the  pigment :  if  this 
is  of  an  amorphous  character,  without  any  definite  form  of  its 
own,  and  is  opaque,  it  will,  as  a  rule,  be  found  to  have  good 
covering  power  and  body ;  on  the  other  hand,  if  a  pigment  is  of 
a  transparent  character,  and  is  crystalline  in  its  structure,  then 
its  body  is  liable  to  be  small,  although  it  may  cover  well. 
Sometimes  a  pigment  may  be  obtained  in  both  conditions, 
according  to  the  particular  circumstances  under  which  it  is 
made ;  thus,  lead  chloride  may  be  obtained  as  a  white  amor- 
phous powder,  or  in  small  transparent  crystals.  In  the  former 
condition  it  may  be  used  as  a  pigment,  as  it  has  some  body ; 
on  the  other  hand,  the  crystalline  variety  is  useless  as  a  pig- 
ment, as  it  has  no  body  at  all. 

Unfortunately  it  is  by  no  means  an  easy  matter  to  devise  a 
method  of  assaying  the  covering  power  and  body  of  pigments ; 
they  cannot  be  expressed  in  absolute  figures  as  can  chemical 
composition,  at  the  most  they  can  only  be  assayed  in  a  compara- 
tive manner  as  is  colouring  power. 
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The  best  plan  for  assaying  the  covering  power  and  body  in 
pigments  is  to  place  2  grammes  of  the  standard  sample  and  of 
the  pigment  to  be  compared  with  it  on  a  block  porcelain  tile, 
and  to  add  oil  to  each  sufficient  to  allow  them  to  flow ;  the  oil 
and  pigment  are  thoroughly  incorporated  by  means  of  a  palette 
knife,  and  then  each  is  spread  over  the  plate  in  a  layer,  making 
each  layer  of  paint  of  as  uniform  a  thickness  as  possible.  That 
sample  which,  when  thus  made  into  a  paint  and  spread  over  the 
tile,  covers  the  most  surface  has  the  most  covering  power. 

The  following  may  be  taken  as  an  example  of  the  method  : — 
2  grammes  of  samples  of  the  following  white  pigments  were 
weighed  out  and  mixed  with  sufficient  raw  linseed  oil  as  would 
enable  them  to  be  rubbed  over  the  surfaces  of  glass  plates, 
then  the  extent  of  surface  covered  by  each  was  observed,  the 
result  being  as  follows  : — 


White  lead  (Dutch  process),  ....  760 
White  Lead  Co. 's  white  lead,     .       .       .  .1,120 

Gypsum,   1,440 

Barytes,   1,144 

Orr's  patent  zinc  white,   1,500 

Zinc  white,   1,152 

Lead  sulphate,   640 

Gardner's  white  lead,   1,056 


From  these  it  is  seen  that  Orr's  white  has  the  greatest  cover- 
ing power,  and  is  followed,  in  order,  by  gypsum,  zinc  white, 
barytes,  the  White  Lead  Co.'s  product,  Gardners  white  lead, 
white  lead,  and  lead  sulphate. 

The  quality  of  a  pigment  must  not  be  judged  solely  from  the 
point  of  view  of  its  covering  or  spreading  power,  as  gypsum 
would  then  be  considered  one  of  the  best  of  pigments  for  oil, 
while,  as  a  matter  of  fact,  it  is  one  of  the  worst ;  there  must  be 
taken  into  consideration  also  the  colour  or  staining  power  of 
the  pigment  and  its  body.  The  colour  or  staining  power  of  the 
pigments  in  question  is  judged  by  how  far  they  retain  their 
whiteness  on  being  mixed  with  oil ;  in  this  respect  the  samples 
named  above  ranged  themselves  in  the  following  order  : — 
Gardner's  white  lead,  Orr's  white,  zinc  white,  lead  sulphate, 
white  lead.  White  Lead  Co.'s  white,  barytes,  and  gypsum ;  the 
latter  two  were  rather  deficient  in  this  respect. 

By  body  is  meant  the  opacity  of  the  coat  of  paint  which  is 
obtained  in  carrying  out  the  process  described  above.  If  the 
painting  has  been  done  on  a  black  ground,  and  one  appears  to 
obscure  the  black  more  than  another,  that  one  will  hav^e  the 
most  body.    If  the  paint  has  been  spread  on  glass,  that  which 
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appears  darkest  by  transmitted  light  is  the  best.  Judged  by 
this  standard  the  eight  white  pigments  named  above  appear  in 
the  following  order : — Orr's  white,  Gardner's  white  lead,  White 
Lead  Oo.'s  white,  white  lead,  zinc  white,  lead  sulphate,  barytes ; 
gypsum  was  very  transparent. 

To  that  sample  which  has  the  most  body  a  small  additional 
quantity  of  oil  is  added,  and  the  body  of  the  mixture  again 
compared  with  the  other  sample ;  if  it  is  still  the  best  more  oil 
is  added,  and  the  process  repeated  until  both  samples  appear  to 
have  the  same  covering  power.  Now,  it  may  be  assumed,  with- 
out much  error,  that  the  covering  power  or  body  of  the  two 
samples  is  in  proportion  to  the  quantities  of  oil  used  to  mix 
with  them;  that  sample  taking  the  most  oil  having  the  most 
body.  Thus,  of  two  samples  of  barytes  one  took  3  grammes  of 
oil,  and  the  other  3*25  grammes ;  taking  the  last  as  the  standard 
or  100,  the  former  had  only  3*25  :  3  :  :  100  =  92-3  or  7-7  per 
cent,  less  body  than  the  standard  sample.  Or,  to  put  it  in 
another  way,  3  :  3*25  :  :  100  =  108*3 ;  that  is,  100  lbs.  of  the 
standard  sample  will  cover  as  much  surface  as  108*3  lbs.  of  the 
other,  weaker  sample. 

It  is  by  comparing  both  covering  power  and  body  that  a  true 
idea  of  the  value  of  a  pigment  for  painting  can  be  ascertained. 

DURABILITY  or  PERMANENCE.— Durability  is  one  of 
the  most  important  properties  a  pigment  can  possess,  for  upon  it 
depends  the  fact  whether  it  will  ever  come  into  extensive  use 
as  a  pigment,  especially  for  artists'  use,  where  permanence  is 
one  of  the  most  essential  things  a  picture  must  possess.  Until 
recently  our  knowledge  regarding  the  permanence  of  pigments, 
or,  what  is  the  same  thing,  their  power  of  resisting  exposure  to 
light  and  air,  was  empirical  and  unreliable ;  but  recent  researches 
on  the  subject  have  quite  altered  its  character. 

Of  those  colours  which  have  been  shown  to  be  permanent,  the 
mineral  pigments — ochres,  umbers,  sienna,  Vandyke  brown, 
barytes,  Chinese  white,  siennas,  ultramarine,  vermilion,  Prussian 
blue,  and  some  others — are  the  most  important,  and  can  safely 
be  used  on  work  which  is  required  to  have  great  permanence. 

What  is  frequently  sold  under  the  names  given  to  old  pig- 
ments is,  however,  not  always  what  it  ought  to  be,  being  more 
or  less  adulterated  with  an  inferior  pigment;  it  is,  therefore, 
advisable  to  test  a  sample,  not  only  for  purity,  but  also  for 
durability,  as  the  adulterants  are  frequently  anything  but 
permanent. 

Of  late  years  many  new  pigments  have  been  placed  on  the 
market,  which  have  been  made  from  coal-tar  colours;  unfortun- 
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ately,  many  of  these,  although  of  brilliant  hue,  are  far  from  being 
permanent,  and  will  not  resist  any  lengthened  exposure  to  light 
and  air.  It  is  desirable  that  a  user  of  these  pigments  should 
make  some  experiments  as  to  their  durability.  There  is  a 
great  deal  of  difference  in  this  respect  among  these  coal-tar 
pigments.  Some  are  as  permanent  as  can  be  wished;  others, 
again,  are  very  fugitive.  Then,  again,  the  method  of  using  has 
more  influence  on  the  durability  of  these  pigments  than  it  has 
on  that  of  the  older  pigments ;  for  some  which  are  rather 
fugitive,  when  used  as  water-colours,  will  resist  a  fair  amount 
of  exposure  when  used  as  oil-colours. 

Probably  the  simplest  method  (which  is  a  very  good  one)  of 
testing  the  durability  of  colours,  is  to  provide  a  sheet  of  unglazed 
cardboard ;  that  known  as  Bristol  board  will  do  very  well,  It 
must  have  so  slight  an  absorbent  property  that  if  any  coat  of 
paint  is  placed  on  the  surface  it  will  remain  there,  and  not 
soak  into  the  substance  of  the  cardboard.  This  sheet  of  board 
is  ruled  into  squares  or  rectangles,  measuring  about  3  x  2  or 
2x2  inches. 

A  little  of  the  colour  to  be  tested  is  ground  up  with  a  little 
gum  water  into  a  smooth  paste,  and  a  portion  of  one  of  the 
ruled  spaces  on  the  cardboard  painted  with  it.  It  is  advisable 
to  rule  and  prepare  two  sheets  at  the  same  time.  The  name  of 
the  colour  can  be  written  either  underneath  the  patch  of  colour 
in  the  square,  or  in  a  corresponding  position  on  the  back  of  the 
card.  It  is  also  advisable  to  grind  a  little  of  the  pigment  with 
oil,  so  that  the  relative  durability  as  a  water-colour  and  as  an 
oil-colour  can  be  tested. 

One  of  the  prepared  cards  is  hung  in  a  place  where  it  is 
exposed  to  as  much  sunlight  and  air  as  possible,  while  the  other 
card  is  placed  in  a  drawer  away  from  any  such  influence.  After 
a  week  or  two  of  exposure  the  cards  can  be  compared  to  see  if 
any  changes  have  occurred;  they  can  then  be  replaced  in  their 
respective  positions,  and  from  time  to  time  are  compared 
together.  Any  change  which  may  have  been  brought  about 
by  the  action  of  sunlight  and  air  on  the  exposed  card  will 
be  observable;  some  colours  will  be  changed  in  a  few  weeks' 
exposure,  other  colours  require  months  of  exposure  to  produce 
any  effect. 

By  placing  a  card  painted  in  the  manner  described  with  dif- 
ferent pigments  in  a  closed  cupboard,  in  which  is  placed  a  vessel 
containing  some  ferpous  sulphide  and  dilute  sulphuric  acid,  the 
action  of  sulphuretted  hydrogen  on  the  colours  can  be  tested ; 
if  any  are  affected  by  this  test  it  is  certain  that  they  will  be 
similarly  affected  when  exposed  to  the  action  of  impure  air. 
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Another  plan  for  testing  durability  of  pigments  is  to  prepare 
a  sheet  with  washes  of  the  colour  in  the  following  manner  :— 
A  strip  of  paper  or  card  is  taken,  and  a  light  wash  is  spread 
over  it ;  the  whole  length  is  now  divided  into  ten  parts ;  when 
dry,  another  wash  is  given  over  nine  of  the  parts;  this  is 
allowed  to  dry,  and  a  wash  given  over  eight  of  the  parts; 
and  this  is  continued  until  ten  washes  have  been  given.  There 
will  then  be  a  strip  with  washes  of  colour  from  pale  to  dark. 
This  strip  is  now  cut  into  two,  lengthways— one-half  being 
exposed  to  the  light,  the  other  placed  in  a  drawer  or  damp 
place.  When  a  few  days  have  elapsed,  the  two  strips  can  be 
compared  and  the  rate  of  fading  noted.  Thus  a  brilliant  green 
lake  gave  the  following  results  : — 
Original  standard  10. 

After  5  days'  exposure,  faded  down  to  8. 
„    15  „  ,,  >>  7. 

„    21  „  „  6. 

„    30  „  ,,  „  3. 

Testing  pigments  for  durability  is  a  very  long  operation,  and 
it  is  no  wonder  that  there  have  been  few  systematic  researches 
on  this  subject.  The  most  exhaustive  and  systematic  experi- 
ments on  the  permanence  of  pigments  which  have  ever  been 
made  are  those  made  by  Captain  Abney  and  Dr.  W.  J.  Russell,  at 
the  request  of  the  Science  and  Art  Department ;  these  extended 
over  a  period  of  two  years,  and  the  results  were  published  in  the 
form  of  a  Blue  Book,  entitled — Eeport  on  the  Action  of  Light 
on  Water  Colours."  This  report  must  be  consulted  for  details 
as  to  the  method  of  testing  adopted,  &c. ;  but  the  following  will 
give  some  idea  of  the  methods  and  results  of  these  researches. 

The  experiments  were  carried  out  as  follows  : — A  sheet  of 
Whatman  paper  of  good  quality  was  covered  with  washes  of  the 
pigment  to  be  tested  in  such  a  manner  as  to  form  a  series  of 
eight  tints,  varying  from  pale  to  dark.  From  this  sheet,  strips, 
8  inches  long  by  2  inches  wide,  and  containing  all  the  tints 
were  cut,  and  two  of  them  placed  in  a  glass  tube,  2  feet  long 
and  -f  inch  in  diameter,  open  at  both  ends,  and  bent  over  at 
the  upper  end  in  the  form  of  a  hook,  in  order  to  prevent  the 
admission  of  dirt;  the  tube  was  then  hung  in  such  a  place  as 
to  receive  as  much  sunlight  as  possible.  It  may  be  mentioned 
that  one  of  the  strips  of  paper  was  covered  with  oil-cloth  so  that 
it  could  not  be  acted  on  by  light,  although  otherwise  it  was 
subjected  to  the  same  influences  as  the  other  strip.  Similar 
tubes  were  filled  with  dry  air,  moist  air,  moist  hydrogen,  while 
one  set  had  the  air  withdrawn  so  that  the  strips  were  exposed 
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in  a  vacuum.  The  ex])eriments  lasted  from  May,  1886,  to 
March,  1888.  The  results  of  these  experiments  are  given  iii 
the  following  table,  which  has  been  compiled  from  the  tables 
given  in  the  Report. 

Prussian  blue  fades  when  exposed  to  light,  but  on  placing  the 
faded  colour  in  a  dark  place  the  colour  comes  back  again. 

It  is  evident  from  the  above  experiments  that  moisture  has 
a  material  influence  on  the  durability  of  pigments;  colours  which 
fade  in  moist  air  are  permanent  in  dry  air;  then,  again,  colours 
are  more  permanent  in  an  atmosphere  of  moist  hydrogen  gas  and 
in  a  vacuum  than  in  air;  it  is  evident,  therefore,  that  the  three 
elements  of  destruction  which  cause  colours  to  fade  are  light 
(which  may  be  called  the  determining  cause),  oxygen,  and  water. 
But  light  alone  has  little  effect.  Hence  it  may  be  concluded 
that  when  a  colour  is  kept  under  conditions  where  moisture  and 
air  can  have  little  action  it  will  be  permanent ;  so  that  it  should 
always  be  kept  under  such  conditions  if  possible. 

Mr.  A.  P.  Laurie"^  has  investigated  the  effect  of  light  on 
lake  pigments  prepared  from  coal-tar  colours.  He  finds  that 
lakes  prepared  from  alizarine  and  its  derivatives  are  very 
durable.  Galloflavine  lake  on  alumina  base  is  quite  permanent, 
the  only  change  being  that  it  becomes  somewhat  more  brownish 
in  tone.  Alizarine  blue  lake  fades  slightly.  Alizarine  brown 
lake  prepared  from  alizarine  on  a  copper  and  alumina  base  is 
quite  permanent.  Alizarine  green  lake  is  permanent.  Ali- 
zarine orange  lake  fades  slightly.  Lakes  made  from  methyl 
blue,  methyl  violet,  and  magenta  were  fugitive,  becoming  nearly 
colourless  in  a  short  time.  A  lake  made  from  methylene  blue 
was  slightly  more  permanent.  Scarlet  lake  and  geranium  lake 
(which  are  made  from  eosine)  fade  and  soon  show  a  spotty 
appearance.  A  crimson  lake  made  from  erythrine  fades  but 
slightly,  an  unexpected  result,  considering  the  connection  of 
erythrine  with  the  cosines.  Green  pigments  made  from  brilliant 
green  are  very  fugitive.  It  may  be  pointed  out  that  the  method 
of  making  the  lakes  has  a  material  influence  on  durability  of 
pigments.  Then,  again,  the  mode  of  using  will  also  have  some 
influence.  Used  as  water  colours  the  lakes  will  be  more 
fugitive  than  if  used  as  oil  colours.  Thus  geranium  (eosine) 
lake  when  used  as  a  water  colour  will  fade  in  about  5  to  6 
weeks,  or  even  less,  according  to  method  of  making;  when  used 
as  an  oil  colour  it  is  by  no  means  so  fugitive,  and  only  becomes 
duller  after  twelve  months'  exposure. 


*  Journal  Society  of  Chemical  Industry,  March,  1895. 
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MIXABILITY. — This  is  a  term  which  the  author  has  intro- 
duced in  connection  with  pigments  to  express  the  power  ol  pig- 
ments to  mix  more  or  less  readily  with  oil  or  other  vehicles  or 
other  pigments.  It  is  a  most  important  property,  and  much  of 
the  value  of  a  body  when  used  as  a  pigment  depends  on  it;  some 
pigments  do  not  readily  mix  with  oil,  while  some  of  the  modern 
pigments  made  from  coal-tar  colours  seem  to  have  the  property  of 
retarding  the  drying  of  the  oil,  therefore  they  cannot  be  said  to  mix 
well  with  it.  Then,  again,  in  mixing  pigments  together  to  produce 
compound  tints  or  shades,  there  are  some  pigments  which  can  be 
mixed  with  all  others  without  any  ill  effect  being  observed ;  on 
the  other  hand,  some  pigments  can  be  mixed  with  a  few  others 
without  any  change  occurring,  but  when  mixed  with  others  some 
action  of  a  deteriorative  character  will  take  place. 

To  test  pigments  for  the  property  of  mixability,  the  best 
method  is  to  provide  a  sheet  of  cardboard  of  not  too  porous  a 
character,  and  to  rule  this  into  squares  of  about  2  inches  each 
way.    A  little  of  a  pigment  is  rubbed  with  a  small  quantity  of 
linseed  oil  in  a  white  basin,  during  which  operation  its  behaviour 
with  the  vehicle  will  be  noticed ;  it  should  be  observed  whether 
it  mixes  freely  with  oil  or  shows  a  tendency  to  separate  out;  this 
latter  effect  may  be  due  in  most  cases  to  the  pigment  not  being 
thoroughly  dry.    A  little  of  the  mixed  pigment  is  now  rubbed  in 
one  of  the  squares  of  the  card.    Then  prepare  mixtures  of  the 
pigment  with  other  pigments — white  lead,  whiting,  Prussian  blue, 
emerald  green,  yellow  chrome,  vermilion,  lamp-black — rubbing 
the  pigments  together  with  a  little  gum-water ;  these  mixtures 
are  rubbed  on  the  card.    When  all  the  mixtures  are  ready  the 
card  is  exposed  to  the  air,  and  to  diffused  daylight  only,  for  some 
time,  say  two  or  three  weeks.    After  two  or  three  weeks' 
exposure,  the  card  may  be  examined  and  any  effect  of  change  of 
colour  noted;  during  the  interval  observations  should  be  made 
as  to  the  drying  of  the  oil  in  the  first  square  to  see  whether  the 
pigment  has  any  influence  of  any  kind,  either  in  retarding  or  in 
facilitating  the  drying;  the  former  case  will  show  that  the  pigment 
is  not  suitable  to  be  used  as  an  oil-colour,  although  it  may  be  per- 
fectly suitable  as  a  water-colour.    The  other  squares  will  show 
the  action  of  one  pigment  on  another;  those  which  exhibit  no 
alteration  in  shade  or  tint  beyond,  perhaps,  a  little  fading  will 
show  the  pigments  which  may  be  mixed  together  without  any 
effect  upon  one  another;  while  those  which  have  altered  will 
show  the  observer  what  mixtures  to  avoid. 

FINENESS. — The  quality  of  a  pigment  is  a  feature  which  is 
more  or  less  dependent  upoii  the  size  of  its  particles,  the  smaller 
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these  are  (or,  in  other  words,  the  finer  the  pigment  has  been 
ground  or  produced  in  the  process  of  manufacture)  the  better  will 
it  be  as  a  pigment;  its  body  or  covering  power  will  be  increased, 
its  colouring  power  will  also  be  improved  and  its  tone  brightened 
very  considerably ;  therefore,  it  may  be  laid  down  that  the  finer 
a  pigment  is  the  better  it  will  be  for  use  in  painting. 

It  is  by  no  means  easy  to  make  a  practical  test  for  the  fineness 
of  a  sample  of  pigment.  By  rubbing  between  the  fingers  it  is 
possible  to  make  a  rough  comparative  examination,  but  no 
accurate  results  can  be  arrived  at  by  this  means ;  when  the 
quality  of  two  samples  is  very  similar  this  rough  test  cannot  be 
relied  on.  By  spreading  a  little  on  a  plain  microscope  slide  and 
examining  it  through  a  powerful  microscope,  using,  say,  a  ;J-inch 
objective,  some  idea  of  the  relative  fineness  of  two  samples  may 
be  obtained.  Another  method  of  testing  which  will  give  more 
reliable  information  and  better  comparative  figures  than  the  tests 
just  noted  is  the  following  : — Weigh  out  about  5  grammes  into  a 
mortar,  and  grind,  without  much  rubbing  action,  into  a  smooth 
paste  with  water ;  then  transfer  this  to  a  tall  cylindrical 
graduated  measuring  glass,  and  rinse  out  the  mortar  with  water, 
so  as  to  get  the  whole  of  the  material  into  the  glass ;  fill  this  up 
with  water  to  the  top  mark,  and,  putting  in  the  stopper,  shake 
well  for  a  few  minutes;  then  place  on  one  side;  the  particles  will 
gradually  settle,  and  the  time  it  takes  for  the  water  to  become 
clear  up  to,  say,  the  half-mark  should  be  noted.  If  this  be  done 
with  a  number  of  samples  a  series  of  figures  will  be  obtained 
which  may  be  taken  as  showing  the  comparative  fineness  of  the 
various  samples,  for  the  rate  at  which  the  material  settles  depends 
upon  the  fineness  of  its  particles ;  the  finer  these  are  the  slower 
is  the  action,  while  the  best  samples  are  characterised  by  subsiding 
most  slowly.  Then  this  test  will  also  show  whether  the  sample 
is  of  uniform  quality  or  whether  it  contains  both  coarse  and  fine 
particles ;  in  the  former  case  the  rate  of  deposition  will  be  uni- 
form, while  in  the  latter  case  the  larger  particles  will  settle  out 
very  rapidly,  leaving  the  finer  particles  to  subside  more  slowly. 
For  example,  the  author  tested  three  samples  of  china  clay  by 
this  method.  Sample  A  took  60  minutes  to  settle  out;  sample  B 
44  minutes ;  while  the  coarse  part,  forming  the  great  bulk  of 
sample  C,  settled  out  in  30  minutes,  and  the  finer  remainder  in 
90  minutes.  A  and  B  were  uniform  in  quality,  but  sample  A 
was  superior  to  B,  being  composed  of  the  finer  particles.  Sample 
C  was  of  mixed  quality,  containing  both  coarse  and  fine  particles; 
the  former  settling  out  rapidly,  the  latter  more  slowly,  0 
would  not  be  so  good  as  B  for  many  purposes, 
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This  test  cannot  be  used  for  examining  the  fineness  of  samples 
of  different  pigments  :  thus,  for  example,  the  comparative  fineness 
of  a  sample  of  white  lead  and  of  barytes  cannot  be  ascertained  by 
its  means ;  only  different  samples  of  the  same  pigment  can  be 
compared  together.  This  arises  from  the  fact  that  the  specific 
gravity  of  a  body  has  a  great  influence  on  the  speed  with  which 
its  particles  will  fall  when  placed  in  water,  and  as  there  is  a  great 
difference  in  this  respect  between  different  pigments,  it  follows 
that  a  sample  of  white  lead  will  settle  out  much  quicker  than  a 
sample  of  china  clay,  although  both  samples  may  be  equal  in 
fineness  of  powder. 

The  method  of  testing  the  fineness  of  the  particles  of  a  pigment 
here  given  is  possibly  not  a  perfectly  accurate  one;  but  still 
some  very  useful  information  as  to  the  quality  of  a  pigment  may 
be  obtained  by  its  means,  and  it  does  not  need  any  elaborate 
apparatus  to  carry  it  out. 
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CHAPTEH  XL 

COLOUR  AND  PAINT  MACHINERY. 

In  making  colours  or  pigments,  and  in  preparing  them  for  use 
in  painting,  and  in  making  paint,  there  are  a  good  many  mechani- 
cal operations  which  are  common  to  all  pigments  and  all  paints. 
Upon  the  care  with  which  the  various  mechanical  operations, 
such  as  precipitating,  drying,  grinding,  &c.,  are  carried  out, 
depends  much  of  the  quality  of  the  pigment  or  paint,  especially 
as  regards  its  brilliance  and  covering  power.  The  machinery 
for  carrying  out  these  various  mechanical  operations  forms  an 
important  part  of  the  outfit  of  a  colour-  or  paint-shop.  In  the 
present  chapter  it  is  proposed  to  discuss  the  various  machines 
which  are  required  to  carry  out  the  various  processes  involved 
in  making  a  pigment  and  its  conversion  into  a  paint. 

LEVIGATION. 

In  the  preparation  of  such  natural  pigments  as  the  ochres, 
siennas,  umbers,  china  clay,  and  barytes  for  use  in  paint-making, 
levigation  plays  an  important  part.  These  bodies  as  they  are 
found  in  nature  contain  a  good  deal  of  gritty  matter  and  other 
impurities,  from  which  they  must  be  freed  before  they  are  of 
use  in  paint-making ;  there  is  no  better  process  for  this  purpose 
than  levigation. 

The  principle  of  the  process  of  levigation  depends  upon  the 
fact  that  when  fine  particles  of  a  comparatively  light  material 
mixed  with  coarser  particles  of  the  same  material  or  with  par- 
ticles of  a  heavier  material  are  agitated  with  water  and  then 
allowed  to  stand,  the  coarser  and  heavier  particles  will  fall  first, 
while  the  lighter  particles  will  form  a  layer  on  the  top  of  the 
coarse  particles,  which  can  thus  be  separated  from  the  fine  par- 
ticles. A  modification  involving  the  same  principle  is  where  the 
mass  of  material  is  subjected  to  the  sifting  action  of  a  current  of 
water,  the  strength  of  which  suffices  to  carry  the  fine  particles  only 
into  a  tank,  where  they  are  allowed  to  subside.  China  clay  is  an 
example  of  the  preparation  of  a  pigment  in  this  way  (see  p.  95). 

Should  the  raw  material  be  made  up  of  several  distinct  kinds 
of  particles — very  fine,  fine,  medium,  and  coarse,  as  in  the  case 
of  some  ochres, — it  is  possible,  by  means  of  levigation,  to  separate 
them  into  their  various  constituents.  By  so  arranging  the 
current  of  water  that  it  runs  through  a  number  of  tanks  with 


LEVIGATION. 


323 


varying  rates  of  speed,  the  coarse  particles  will  be  left  in  the  first 
tank,  the  medium  particles  in  the  second  tank,  the  fine  particles 
in  the  third  tank,  and  the  very  fine  in  the  fourth  or  last  tank. 

It  will  be  seen  that  levigation,  while  effective,  is  a  very  cheap 
process ;  for  it  only  requires  a  cheap  material,  water,  and  the 
cheapest  kind  of  colour  plant,  tanks,  for  carrying  it  out. 

The  details  of  the  plant  required  or  used  in  levigating  at  any 
particular  works  depends  upon  many  factors,  such  as  the  position 
of  the  works,  whether  situated  in  the  centre  of  a  town,  in  a  wide 
valley,  or  on  a  hill  side.  The  facilities  for  obtaining  the  requisite 
supply  of  water  is  also  a  factor  in  determining  the  arrangement 
of  the  plant. 

Tn  Fig.  28  is  shown  in  plan  and  elevation  a  plant  suitable  for 


Fig.  28. — Levigating  plant. 

levigating  ochres,  umbers,  &c.  It  consists  of  9  tanks,  8  of  which 
are  arranged  in  2  series  of  4,  while  the  ninth  is  an  odd  tank. 
Another  good  arrangement  would  be  one  of  10  tanks,  9  arranged 
in  3  sets  of  3,  the  tenth  being  an  odd  one. 

In  the  odd  tank,  A,  the  crude  material  is  thoroughly  mixed 
with  water ;  in  Cornwall,  Derbyshire,  and  a  few  other  mining 
districts,  this  tank  is  known  as  the  "buddle;"  in  this  the  very 
heavy  stuff  remains  while  the  current  of  water,  which  is  con- 
tinually passing  through,  washes  away  the  finer  particles.  From 
the  huddle  the  water  flows  into  the  first  settling  tank  1 ;  this 
being  large,  the  current  becomes  retarded,  and  some  of  the 
material  it  contains  settles  out;  from  tank  No.  1  the  water  flows 
into  tank  No,  2 ;  this  is  made,  or  should  be  made,  rather  larger 
than  tank  No.  1,  so  that  the  current  being  spread  over  a  larger 
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surface  becomes  slower,  and,  therefore,  has  less  force,  thus 
allowing  the  finer  particles  to  settle  out.  From  No.  2  the  water 
flows  to  No.  3  tank,  which  is  larger  still ;  and,  finally,  to  No.  4 
tank,  which  is  yet  larger,  so  that  very  fine  particles  of  pigment 
can  settle  out;  when  tank  No.  1  is  full  the  current  from  the 
buddle  is  diverted  into  the  second  series  of  tanks,  while  the 
colour  or  pigment  in  the  tanks  of  the  first  series  is  settling  out ; 
when  this  is  completed  the  water  in  these  tanks  is  run  ofi*,  and 
the  pigment  dug  out,  when  the  tanks  are  ready  to  be  filled  again. 
By  having  a  set  of  four  settling  tanks,  four  qualities  of  ochres, 
or  siennas,  or  umbers,  may  be  obtained.  When  the  second  series 
of  tanks  are  full,  the  current  is  again  sent  through  the  first  series. 
By  having  three  series  a  more  perfect  system  can  be  adopted ; 
the  current  of  water  is  sent  through  the  first  series  until  these 
are  full,  then  through  the  second  series  while  the  material  in  the 
first  is  settling  out;  when  the  second  is  full,  the  current  is 
diverted  to  the  third  series ;  by  this  time  the  colour  in  the  first 
will  have  settled  out,  and  can,  as  explained  above,  be  collected ; 
when  the  first  lot  of  tanks  are  emptied  of  their  contents  they 
are  ready  to  be  refilled  by  diverting  the  current  from  the  third 
set  of  tanks.  Thus  the  three  operations  of  filling,  settling,  and 
emptying  can  go  on  concurrently  in  a  complete  manner. 

The  tanks  should  be  arranged,  as  shown  in  the  drawing,  one 
above  the  other,  so  that  the  water  can  run  from  one  to  the  other ; 
and  the  last  tank  of  the  series  should  be  of  such  a  size  that  it 
will  take  a  day  to  fill  it. 

Fig.  29  is  the  plan  of  a  levigating  and  drying  plant  which 
has  been  devised  and  constructed  by  Messrs.  Follows  &  Bate. 
In  this  there  are  two  sets  of  four  settling  tanks,  T,  T,  T,  T, 
between  which  is  placed  a  drying  kiln.  The  colour  to  be 
levigated  is  first  thrown  into  a  levigating  mill,  L,  which  is 
shown  in  Fig.  30,  where  it  is  ground  under  water;  from  this 
mill  the  wet  colour  is  carried  by  the  water  into  the  buddle  tank, 
T,  from  thence  it  flows  to  either  set  of  tanks  as  may  be  required. 
When  one  set  of  tanks  is  full,  the  current  is  diverted  to  the 
second  set,  and  the  colour  in  the  first  then  settles  out;  when 
this  settling  is  completed,  the  clear  top  liquor  is  run  down  the 
gutters,  G,  to  the  drain,  D,  and  so  away.  The  settled  colour 
is  then  placed  on  the  drying  kiln,  K,  which  consists  of  a  large 
shallow  tank  placed  above  the  flue  of  a  stove,  M ;  as  shown  by 
the  arrows,  the  construction  of  the  flue  is  such  that  the  stove 
gases  have  to  take  a  circuitous  course  before  they  pass  away 
by  the  flue,  F,  to  the  works'  chimney,  thereby  giving  them 
every  opportunity  of  parting  with  their  heat  to  the  wet  colour 
and  drying  it  more  quickly  and  more  efficiently. 
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In  ultramarine  making,  where  levigation  forms  an  important 
part  of  the  finishing  process,  the  last  tank  is  either  made  very 
large  or  a  large  number  of  small  ones  are  provided,  as  the  fine 
ultramarine  takes  a  week  to  settle. 

When  space  is  available  it  is  a  good  plan  to  have  a  set  of  large 
storage  tanks ;  into  these  is  thrown  the  wet  pigment  taken  out 
of  the  settling  tanks,  and  here  it  remains  for  some  time ;  a  further 
settling  takes  place,  and  the  pigment  becomes  drier ;  this  efiects 
an  economy  of  both  time  and  fuel  in  the  complete  drying  during 
the  final  stage.  This  saving  of  fuel  is  a  matter  of  some  import- 
ance in  dealing  with  such  cheap  natural  pigments  as  china  clay, 
umber,  &c. 

The  strength  of  the  current  of  water  is  a  matter  that  requires 
attention ;  if  too  strong,  it  will  carry  over  some  of  the  coarse 
material  from  the  buddle  to  the  settling  tanks,  and  will  prevent 
the  fine  material  from  settling  in  the  end  tanks ;  on  the  other 
hand,  too  gentle  a  current  will  not  extract  the  whole  of  the 
valuable  material  from  the  crude  stuff  in  the  buddle ;  this  is  a 
detail  which  the  operator  can  easily  arrange. 

If  only  small  tanks  are  required  they  may  be  made  of  wood ; 
large  tanks  may  be  built  of  stone  flags,  or  of  brick,  if  flagstones 
of  sufficient  size  are  not  available.  If  bricks  are  used  the  inside 
of  the  tank  should  have  a  smooth  surface,  so  as  to  facilitate 
the  ready  removal  of  the  colour  which  has  settled  out.  In  any 
case  arrangements  should  be  provided  for  running  off  the  clear 
top  liquor  from  the  settled  pigment ;  this  may  be  done  by  pro- 
viding in  each  tank  a  set  of  holes  kept  stopped  by  plugs,  which 
are  removed  when  it  is  desired  to  run  the  water  away.  Or  the 
water  may  be  syphoned  off  by  means  of  syphons  provided  for 
that  purpose. 

The  amount  of  water  required  to  levigate  a  pigment  is  a 
variable  amount,  depending  on  the  nature  of  the  sample  of  colour 
under  treatment  and  on  the  plant  used,  so  that  no  definite  rules 
can  be  laid  down. 

The  size  of  the  tanks  can  be  varied  to  suit  the  required  out- 
put of  colour,  and  is  a  point  which  every  colour-maker  must  settle 
for  himself,  remembering,  first,  the  deposited  colour  will  contain 
about  half  its  weight  of  water,  and  will  therefore  be  heavier  than 
the  dry  material ;  second,  that  the  total  volume  of  the  tanks  must 
be  much  larger  than  that  of  the  material  which  settles  out  from 
them.  Another  point  is  to  make  the  tanks  sufficiently  strong 
to  bear  the  pressure  of  the  water,  &c.,  they  contain,  which  is 
great ;  thus  a  tank,  20  feet  long  x  5  feet  broad  and  4  feet  deep 
will  hold  20  X  5  X  4  =  400  cubic  feet  of  water,  or  400  x  62-35  lbs. 
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=  11*13  tons,  which  is  the  pressure  exerted  by  the  water  on  the 
bottom  of  the  tank. 

In  some  cases,  before  levigating,  the  material  is  ground,  and 
in  such  cases  the  grinding  is  usually  done  under  water ;  for  this 
purpose  special  mills  are  made. 

Such  a  mill  made  by  Messrs.  Follows  &  Bate  is  shown  in 
Fig.  30.  It  consists  essentially  of  a  pair  of  edge  runners 
working  on  a  bed  at  the  bottom  of  an  iron  cylinder  or  tank. 
The  tank  is  kept  full  of  water  by  suitable  means,  the  grinding 


Fig.  30.— Grinding  mill. 

being,  therefore,  done  under  water.  In  the  lower  portion  of 
the  tank  is  a  sliding  door,  which  is  used  to  run  off  the  sludge, 
dirt,  and  grit.  Hunning-off  cocks  are  provided  at  the  top  of 
the  tank  and  also  about  half  way  down.  The  top  tap  can  be, 
and  is  commonly,  used  for  running  off  the  finer  portions  of 
the  ground  colour  into  the  settling  tanks  ;  by  regulating  the 
speed  flow  through  the  tank  a  very  fine  grade  of  colour  can 
be  floated  into  the  settling  tanks.  The  sludge  door  will  only 
require  opening  at  the  end  of  a  day's  work  for  the  removal  of 
the  coarser  portions  of  the  colour.  The  machine  is  very  efi&cient 
in  use  and  is  capable  of  dealing  with  the  hardest  of  natural 
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pigments,  while  it  may  be  used  for  all  colours  that  require 
grinding  and  levigating. 

The  mill  requires  about  2  horse-power  to  drive  it;  its  output 
will  vary  according  to  the  character  of  the  material  which  is 
being  dealt  with. 

DRYING  OP  PIGMENTS. 

After  a  colour  has  been  prepared  for  use  as  a  pigment  by  the 
process  of  levigation,  as  just  described,  or  by  that  of  precipitation, 
described  below,  and  also  by  other  processes,  it  is  in  a  wet  con- 
dition, probably  containing  from  25  to  50  per  cent,  of  water, 
according  to  its  nature.  If  required  in  what  is  known  as  the 
pulp  state,  in  which  condition  it  is  used  by  paper-makers  and 
stainers,  no  further  treatment  is  necessary;  but,  if  required  to  be 
used  in  the  preparation  of  paint,  it  is  absolutely  necessary  that  it 
be  dried,  otherwise  it  will  not  mix  with  the  oil  used  in  the 
manufacture  of  the  paint. 

The  drying  of  pigments  is  carried  on  in  what  are  called 
"  drying-stoves  ;"  these  are  usually  nothing  more  than  brick 
chambers  with  solid  walls  on  three  sides,  and  a  door  on  the  other, 
covered  with  a  roof ;  round  the  bottom  of  three  sides  runs  a 
horizontal  flue  belonging  to  a  furnace  which  can  be  fed  from  the 
outside.  The  wet  colours  are  usually  placed  in  shallow,  flat, 
earthenware  pans,  which  are  placed  in  piles  one  above  another, 
and  then  left  in  until  they  are  dry.  This  is  by  no  means  a  satis- 
factory method,  the  piling  of  the  pans,  one  above  another,  and 
the  absence  of  any  system  of  ventilation  beyond  accidental  cracks 
in  the  door  and  walls,  tend  to  keep  the  atmosphere  of  the  stove 
saturated  with  steam,  and  to  check  the  drying  operation. 

A  better  plan  is  shown  in  Fig.  31 ;  it  consists  of  a  brick  chamber 
built  of  any  convenient  size ;  as  before,  the  flue,  F,  of  a  furnace 
runs  round  the  bottom ;  the  sides  of  the  flue  are  built  of  brick, 
the  top  of  flagstone,  and  the  fireplace,  E,  is  placed  outside 
the  chamber.  Instead  of  such  a  flue,  steam  pipes  may  be  used 
for  heating  it.  Above  the  flue  or  steam  pipes,  is  a  staging, 
forming  a  false  floor,  on  which  is  erected  a  framework,  C,  0,  0,  0, 
of  iron  or  wood  forming  skeleton  shelves  on  which  the  pans  of 
wet  colour  are  placed.  These  shelves  support  the  pans  a  small 
distance  apart  from  one  another,  and  so  allow  free  egress  for  the 
water- vapour  which  comes  from  the  colour.  A  constant  current 
of  warm  air,  generated  by  a  fan  or  air  propeller,  is  continually 
flowing  over  the  pans  of  colour  and  out  through  the  ventilator, 
V,  in  the  roof  of  the  stove,  thereby  carrying  off  the  water- vapour 
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as  fast  as  it  is  given  off  from  the  wet  colour.  It  should  be  borne 
in  mind  that  the  colour,  just  as  it  comes  from  the  filters  or 


Fig.  31. — Drying  stove  for  pigments. 


presses,  may  contain  from  25  to  50  per  cent,  of  water;  if,  by  any 
means,  this  water  is  prevented  from  escaping  from  the  colour, 
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then  the  drying  is  retarded;  or  if  it  is  prevented  from  readily 
escaping  from  the  stove,  it  is  liable  to  condense  on  the  inside  of 
the  roof,  and  to  fall  down  in  drops  on  to  the  colour  below.  In 
some  cases,  e.g.^  chrome-yellows,  these  drops  are  apt  to  produce 
spots  on,  and  discolouration  of,  the  pigment  which  is  being  dried. 
The  more  freely  the  water  vapour  can  escape  into  the  atmosphere 
the  less  chance  there  is  of  such  mishaps  occurring.  D  is  a  door 
for  filling  the  stove,  and  G,  G  skylights. 

In  dealing  with  barytes  and  china  clay,  special  forms  of 
drying  stoves  have  been  described. 

Some  pigments,  like  the  two  just  mentioned,  the  oxide  reds, 
burnt  umbers,  burnt  siennas,  ultramarine,  Guignet's  green,  are 


Fig.  32.— Drying  stove  for  pigments, 

capable  of  standing  a  high  temperature  without  being  altered  in 
shade;  these  may  be  dried  in  a  stove  heated  to  a  high  tempera- 
ture, in  which  case  the  drying  is  done  quickly.  On  the  other 
hand,  certain  colours,  such  as  the  chromes,  Prussian  blue,  emerald 
green,  &c.,  must  be  dried  slowly;  for  such  colours  the  stove 
shown  in  Fig.  32  would  be  very  useful.  The  two  sides  not 
represented  in  the  drawing  are  of  brick,  and  support  the  roof. 
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Stretching  from  side  to  side  are  a  number  of  iron  shelves  just 
far  enough  apart  to  take  an  earthenware  pan  and  leave  a  little 
space  between  it  and  the  shelf  above.  These  shelves  do  not 
stretch  completely  from  back  to  front,  but,  as  shown  in  the  drawing, 
they  are  arranged  to  come  alternately  flush  with  the  front  and 
back,  the  side  of  the  shelf  nearest  the  front  and  back  of  each 
shelf  being  turned  up  to  form  a  flange.  The  front  and  back  of 
the  stove  are  made  of  a  number  of  iron  plates,  which  form  a 
series  of  doors  to  the  shelves,  the  top  of  the  plates  being  bent 
over  to  catch  on  the  flange  of  the  shelf  above,  as  shown  in  the 
drawing ;  it  is  not  necessary  that  the  doors  should  fit  air-tight. 
A  fan  at  the  top  of  the  stove  creates  a  current  of  air  through  it, 
a  chamber  at  the  bottom  is  kept  hot  by  steam  pipes,  or  flue  from 
a  furnace ;  through  this  chamber  passes  all  the  air  that  is 
allowed  to  go  into  the  stove  ;  this  hot  air  passing  over  and  under 
the  colours  dries  them,  and,  being  hot,  absorbs  and  carries  away 
the  water  vapour  liberated  from  the  wet  colours.  This  stove  is 
eflective  and  economical,  and  is  so  constructed  that  the  pans  of 
colour  can  be  readily  removed  and  the  shelves  quickly  refilled. 

A  drying  stove  has  been  constructed  in  the  following  manner. 
A  cylindrical  vessel  was  constructed  of  iron  plates  of  any  con- 
venient size.  This  was  divided  into  three  chambers  by  two 
perforated  iron  plates ;  in  the  central  chamber,  which  is  the 
largest,  is  placed  the  material  to  be  dried ;  the  bottom  chamber 
is  kept  hot  by  means  of  steam  pipes,  and  is  provided  with  an 
opening  to  admit  air.  The  upper  chamber  is  fitted  with  an 
exhaust  fan,  so  arranged  as  to  draw  the  air  out  of  the  central 
chamber ;  the  perforations  in  the  plate  dividing  the  central  from 
the  top  chamber  are  larger  than  those  in  the  plate  dividing  the 
bottom  from  the  central  chamber,  the  consequence  being  that  the 
air  is  drawn  away  from  the  central  chamber  faster  than  it  enters 
from  the  bottom  hot  air  chamber,  so  that  a  partial  vacuum  is 
created  in  the  central  chamber  which  is  beneficial  to  effective 
drying. 

Messrs.  W.  J.  Eraser  &  Co.,  Engineers,  of  98  Commercial 
Road,  London,  E.,  make  a  drying  machine  (nominally  for  white 
lead,  but  which  may  be  used  for  other  pigments)  which  is 
shown  in  Fig.  33. 

The  construction  of  the  machine  will  be  seen  from  the 
drawing.  It  consists  essentially  of  a  strong  iron  box,  rather 
narrow  in  proportion  to  its  length  and  height,  this  box  being 
supported  on  girders.  In  this  casing  is  a  number  of  rollers 
opposite  one  another  at  each  end  of  the  casing.  Between  each 
pair  of  rollers  is  arranged  an  endless  steel  travelling-band 
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carried  by  chains;  in  the  drawing  a  portion  of  one  side  has 
been  cut  away,  so  as  to  show  these  travelling-bands.  The 


number  of  these  bands  can  be  varied;  the  larger  the  number 
the  greater  will  be  the  drying  capacity  of  the  machine;  although 
an  increased  number  of  bands  will  not  materially  increase  the 
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floor  space  required  for  the  raachine,  it  will  add  to  the  height. 
Underneath  each  travelling-chain  there  is  arranged  a  steam 
coil  shown  in  the  drawing. 

The  white  lead  to  be  dried  is  fed  on  to  the  top  travelling-band 
at  the  front  end  of  the  machine  by  means  of  a  special  hopper, 
which  will  be  referred  to  presently.  It  is  carried  slowly  to  the 
back  end  of  the  machine,  when  the  band  stops  being  filled 
with  wet  white  lead.  The  next  band  is  treated  in  the  same 
way,  and  so  on  throughout  the  series  until  they  are  all  charged. 
Then  the  steam  is  turned  on,  and  passed  through  the  steam 
coils  for  24  hours,  by  which  time  the  white  lead  will  be  quite 
dry.  The  bands  are  then  set  in  motion  and  they  carry  the 
white  lead  to  a  shoot  at  the  back  end  of  the  machine,  down 
which  it  drops  into  the  truck  or  on  to  a  creeper  to  be  conveyed 
to  the  grinding  mills.  The  bands  are  then  ready  to  be  filled 
again.  This  operation  of  filling,  drying,  and  emptying  is  done 
day  after  day. 

The  feeding  or  charging  apparatus  consists  of  a  steam- 
jacketted  hopper  placed  on  trunnions.  Connected  with  this 
is  a  steam-jacketted  pipe  or  shoot,  fitted  with  an  endless  screw. 
With  this  feeding  apparatus  any  of  the  travelling-bands  can  be 
easily  and  rapidly  fed  with  lead,  while  the  material  does  not 
require  handling  in  any  way. 

Each  of  the  travelling-bands  is  fitted  with  clutch  gearing, 
so  that  each  can  be  started  or  stopped  independently  of  the 
others,  while  each  set  of  steam  coils  is  provided  with  separate 
inlet  and  outlet  valves,  so  that  one  or  two  bands  may  be  worked 
independently  of  the  rest  if  so  desired,  while  should  a  band 
break  down  or  a  steam  coil  begin  to  leak  that  particular  portion 
of  the  machine  may  be  stopped  without  afifecting  the  rest. 

Each  band  will  hold  about  15  cwts.  of  pressed  damp  white 
lead.  A  machine  having  10  bands  will  dry  about  40  tons  of 
pressed  white  lead  per  week.  The  steam  consumption,  as  com- 
pared with  the  old  driers,  is  considerably  less,  which  makes 
the  cost  of  working  much  less,  while  the  drying  is  uniform  and 
regular,  the  entire  apparatus  being  easily  worked  by  one  man, 
and  is  moreover  easily  accessible  for  repairs,  which  are,  how- 
ever, rarely  wanted  in  practice. 

In  practice,  pressed  white  lead  will  be  sent  into  the  machine 
to  be  dried,  but  it  may  be  sent  in  in  a  semi-liquid  condition, 
but  in  this  case  the  output  of  dry  white  lead  will  necessarily  be 
less,  while  the  larger  proportion  of  water  will  cause  a  larger 
consumption  of  steam  to  dry  it.    However  wet  the  material 
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may  be  which  is  being  dried,  there  is  no  condensation  of  steam 
on  the  bands,  owing  to  each  being  provided  with  a  separate  set 
of  steam  coils,  while  all  the  water  vapour  which  is  driven  off 
from  the  wet  colour  is  removed  by  means  of  ventilators  at  the 
top  of  the  machine. 

The  advantages  of  this  machine  are  the  non-handling  of  the 
material  in  the  process  of  filling  or  drying  and  the  consequent 
saving  in  labour.  This  has  also  a  sanitary  aspect  when  such 
poisonous  materials  as  white  lead  are  being  dealt  with.  The 
danger  in  these  arises  from  a  handling  to  which  they  are  sub- 
jected during  the  process  of  manufacture,  such  handling  always 
resulting  in  the  hands,  clothes,  &c.,  of  the  work-people  becoming- 
impregnated  with  it,  sooner  or  later  leading  to  lead-poisoning; 
if,  then,  the  handling  be  reduced  to  a  minimum,  then  this  risk 
of  poisoning  is  reduced  to  a  minimum  also,  and  this  is  what 
this  new  machine  does  in  the  operation  of  drying  white  lead. 

In  Fig.  34  is  shown  the  plan  of  a  drying  stove  devised  by  the 
Sutcliffe  Engineering  and  Yentilating  Co.,  of  Manchester.  It 


Fig.  34. — Sutolifife  drying  stove. 


takes  the  form  of  a  brickwork  chamber  divided  into  three  com- 
partments by  the  partition  walls,  E,  E.  In  the  smallest  of  these 
is  fitted  a  steam  heating  apparatus,  B,  consisting  of  a  cylindrical 
boiler  through  which  pass  pipes  from  end  to  end.  Jnto  the 
space  surrounding  the  pipes  steam  is  sent.  By  means  of  a  fan, 
A,  air  can  be  sent  through  the  pipes,  and,  naturally,  this  becomes 
heated     In  the  other  two  compartments  are  fixed  racks,  D,  D, 
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on  which  the  pans  or  trays  of  colour  to  be  dried  can  be  placed. 
These  racks  stand  away  from  the  partition  walls,  and  so  leave  a 
space  which  is  in  connection  with  a  flue  to  carry  away  the  air 
and  water  vapour  with  which  it  becomes  charged.  The  hot  air 
from  the  heating  apparatus,  B,  passes  along  the  passages,  C,  C,  C,  C, 


Fig.  35.— Vacuum  drying  chamber. 


as  indicated  by  the  arrows,  over  the  pans  of  colour,  drying  the  latter 
in  so  doing,  and  then  away  by  the  exit  flue.  This  stove  is  very 
efiicient  and  not  expensive  to  construct  or  maintain  in  operation. 

For  the  purpose  of  drying  such  pigments  as  lakes,  where  the 
colour  is  liable  to  change  if  the  heat  applied  be  too  great,  there 
may  be  used  the  vacuum  drying  chamber  shown  in  Fig.  35,  and 
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made  by  Emil  Passburg,  of  Berlin.  In  consists  of  an  iron  box 
in  which  are  fitted  a  number  of  iron  shelves,  made  hollow  and 
containing  pipes  through  which  steam  or  hot  water  can  be  sent 
from  the  steam  supply  pipe  shown  at  the  right  of  the  drawing. 
The  chamber  is  in  communication  through  the  valve  on  the  top 
of  the  chamber  with  an  air  pump,  by  means  of  which  the  air 
from  the  inside  of  the  chamber  along  with  the  water  vapour 
given  off  from  the  wet  colour  is  continually  drawn  off.  The 
heat  maintained  ranges  from  95°  F.  to  120°  F.,  and  even  at  that 
low  heat,  which  will  not  affect  the  tint  or  hue  of  any  pigment, 
the  drying  is  very  rapid.  The  colour  to  be  dried  is  placed  in 
pans  on  the  shelves.  The  charging  of  the  chamber  is  easily  done, 
and  the  working  is  clean.  The  temperature  can  be  regulated  by 
the  valves  on  the  steam  pipes,  and  the  extent  of  the  vacuum,  which 
can  reach  26  to  28  inches  of  mercury,  can  be  regulated  by  the 
working  of  the  air  pump.  The  chamber  is  made  in  various  sizes, 
from  one  having  32  feet  of  heating  surface  to  one  having  854  feet. 

In  any  stove  the  colours  are  best  placed  in  earthenware  pans 
of  about  12  to  16  inches  in  diameter,  and  3  to  6  inches  in  depth ; 
smaller  pans  may  be  used,  but  it  is  not  advisable  to  exceed  the 
sizes  just  given.  Pans  made  of  galvanised  iron  have  been  used, 
but  these  are  liable  to  rust  and  so  lead  to  discolouration  of  the 
pigments  dried  in  them  ;  enamelled  iron  pans,  which  can  now  be 
bought  at  a  reasonable  figure,  are  well  worth  a  trial  as  being 
lighter  and  less  liable  to  break  than  earthenware  pans. 

Drying  Canal. —  A  very  convenient  apparatus  for  drying 
pigments  is  the  drying  canal,  a  long  brickwork  tunnel,  not  wide 
nor  high — the  dimensions  can  be  made  to  suit  particular  works. 
At  one  end  is  a  heating  chamber,  the  source  of  heat  being  either 
steam  or  fire,  as  happens  to  be  most  convenient ;  arrangements 
are  made,  either  by  a  fan  or  by  a  chimney,  for  air  to  pass 
through  this  chamber,  where  it  is  heated  and  then  passed  into 
the  canal.  A  set  of  rails  is  laid  in  the  canal,  and  on  these  small 
tray-cars  can  run.  At  the  end  opposite  to  the  hot  chamber  is  a 
charging  door.  The  wet  colour-paste  is  put  on  shallow  trays, 
these  on  the  tray-cars,  which  are  pushed  along  the  canal  as  each 
separate  tray  is  put  in.  At  the  opposite  end  is  a  door,  by  means 
of  which  the  tray  of  dried  colour  is  taken  out.  The  length  of 
the  tunnel  may  be  such  that  by  the  time  the  tray  of  colour  has 
travelled  from  one  end  to  the  other  the  colour  will  be  dry.  A 
slight  declination  of  the  tunnel  from  the  charging  end  will 
ensure  easy  travel  for  the  tray-cars. 

This  method  of  drying  is  very  economical,  requiring  but  little 
labour  or  fuel. 
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PREPAIIING-  PIGMENTS  OR  COLOURS  BY 
PRECIPITATION. 

Many  colours — the  chrome  yellows,  Prussian  blues,  Brunswick 
greens,  lakes,  &c. — are  prepared  by  a  process  of  precipitation,  the 
principle  of  which  is  that  when  two  or  more  substances  in  the 
state  of  solution  are  mixed  together  a  reaction  sets  in — what  the 
chemist  calls  double  decomposition  occurs — and  new  products  are 
formed;  one  of  these  being  insoluble  in  the  liquid  used  is  thrown 
down  or  precipitated  out  of  the  solution,  usually  in  the  form  of 
a  fine  powder.  Thus,  when  to  a  solution  of  nitrate  of  lead  one 
of  chromate  of  potash  is  added,  a  yellow  powder  falls  down;  this 
on  examination  is  found  to  be  chromate  of  lead,  while  the  liquor 
contains  nitrate  of  potash  in  solution;  thus  there  has  been  an 
exchange  of  constituents,  the  chromic  acid  has  left  the  potash  to 
form  lead  chromate,  while  the  potash  has  combined  with  the 
nitric  acid  of  the  lead  nitrate  to  form  nitrate  of  potash;  the 
chromate  of  lead  forms  a  precipitate  because  it  is  insoluble 
in  water. 

Put  into  the  form  of  a  chemical  equation  this  reaction  is 
expressed  as : — 

Pb2N03    +    K2Cr04    =    PbCrO^   +  2KNO3. 

Lead  nitrate.  Potassium  Lead  Potassium 

cUromate.  phromate.  nitrate. 

Another  example  of  precipitation  met  with  in  colour  making 
is  that  of  zinc  sulphide,  from  solutions  of  zinc  chloride  and 
sodium  sulphide,  which  is  represented  in  the  following 
equation : — 

Zn  CI2    +    Naa  S    =    Zn  S    +    2  Na  CI. 

Zinc  Sodium  Zinc  Sodium 

chloride.  sulphide.        sulphide.  chloride. 

Here,  again,  there  has  been  an  interchange  of  constituents, 
and  the  zinc  sulphide  being  insoluble  is  thrown  down  as  a  pre- 
cipitate. 

As  precipitation  is  a  chemical  reaction  it  always  takes  place  in 
fixed  and  definite  proportions ;  thus  in  the  preparation  of  chrome- 
yellow  it  is  found  that  331  parts  of  lead  nitrate  interact  with 
194  parts  of  potassium  chromate,  the  result  being  that  323  parts 
of  lead  chromate  are  precipitated  while  202  parts  of  potassium 
nitrate  are  left  in  solution;  should  the  salts  be  mixed  in  any 
other  proportion,  then  one  or  the  other  must  be  in  excess,  and 
this  excess  will  be  wasted ;  thus,  suppose  1 50  lbs.  of  lead  nitrate 
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and  95  lbs.  of  potassium  chromate  are  used ;  the  latter  quantity 
is  not  sufficient  to  precipitate  all  the  lead  from  solution;  con- 
sequently, the  excess,  which  is  7  lbs.,  remains,  and  is  practically 
wasted.  The  necessity  of  using  equivalent  proportions  of  the 
materials  is  a  matter  of  importance  as  regards  economy  in  making 
colours  by  precipitation. 

Every  case  of  precipitation  is  a  case  of  double  decomposition, 
so  that  the  main  product  is  always  associated  with  bye -products, 
which  are  sometimes  worth  recovering,  or  which  may  be  utilised 
in  other  ways.  Thus,  in  making  chrome-yellow  by  the  process 
mentioned  above,  potassium  nitipte  in  solution  is  a  bye-product; 
in  places  where  fuel  is  cheap  it  might  pay  to  boil  down  this 
solution  and  recover  the  salt.  Then  again,  by  paying  attention 
to  the  bye-products,  and  their  probable  use  in  other  ways,  it  is 
possible  to  effect  economies  in  the  production  of  colours.  Thus, 
supposing  lead  sulphate  is  to  be  made,  this  can  be  done  by 
precipitating  a  solution  of  lead  acetate,  with  either  sodium  sul- 
phate or  sulphuric  acid,  as  shown  in  the  following  equations: — 

Pb2C2H302    +    Na2S04    =    PbS04    +  2NaC2H302. 
Lead  Sodium  Lead  Sodium 

acetate.  sulphate.  sulphate.  acetate. 

Pb2C2H302    +    H2SO4    =    PbS04    +  2HC2H3O2. 

Sulphuric  Acetic 
acid.  acid. 

In  the  first  case,  sodium  acetate  is  formed,  and  although  this 
has  cost  money,  yet  it  must  be  thrown  away,  because  it  cannot 
be  economically  recovered  by  the  colour-maker.  In  the  second 
case,  the  acetic  acid  formed  may  be  utilised  in  producing  a 
fresh  stock  of  acetate  of  lead  from  metallic  lead;  in  this  case 
there  are  no  waste  products,  and  the  manufacture  of  the  lead 
sulphate  is  conducted  most  economically. 

The  character  of  the  precipitate  formed  is  modified  in  regard 
to  its  tint,  its  consistence,  and  in  other  ways  by  the  conditions 
under  which  it  is  obtained.  Thus,  if  barium  sulphate  be  pre- 
cipitated from  cold  solutions,  it  falls  down  as  a  very  fine, 
rather  light  powder,  which  is  difficult  to  filter;  but  if  thrown 
down  from  hot  solutions,  it  is  not  so  fine,  and  can  be  filtered 
more  readily.  Again,  in  making  chromes,  the  conditions  under 
«vhich  the  operation  is  performed  have  a  wonderful  influence  on 
the  result;  a  difference  in  the  lead  salt  influences  the  tint,  the 
nitrate  giving  a  finer  product  than  the  acetate.  The  temperature 
also  modifies  the  result  considerably.  Thus,  the  chrome  which 
falls  down  from  cold  solutions  is  much  paler  and  more  voluminous 
than  that  obtained  from  hot  solutions.    The  acid  or  neutral  state 
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of  the  solution  also  has  some  influence,  while  the  presence  of 
such  bodies  as  alum  or  sulphate  of  soda  has  a  material  influence. 

In  making  colours  by  precipitation,  the  following  conditions 
affect  the  character  of  the  resulting  pigment: — (1)  Strength  of 
solution.  Generally,  weak  solutions  yield  finer  and  more  volu- 
minous precipitates  than  strong  ones.  (2)  Temperature.  From 
cold  solutions  the  product  is  usually  finer  and  more  volu- 
minous than  from  hot  solutions.  (3)  Proportion  between  the  inter- 
changing bodies.  This  also  has  some  influence  on  the  result. 
Thus,  in  making  chromes  it  is  preferable  to  keep  the  lead  in 
excess;  if  a  soluble  Prussian  blue  is  required,  then  the  potassium 
ferrocyanide  must  be  in  excess.  Other  examples  might  be  given 
illustrative  of  this  point.  (4)  The  order  of  mixing  is  important. 
If  the  lead  salt,  in  making  chromes,  were  added  to  the  bichromate 
of  potash,  the  pigment  obtained  would  not  be  so  fine  as  in 
adding  the  bichromate  of  potash  to  the  lead  salt.  In  making 
soluble  Prussian  blue  it  is  important  to  add  the  iron  salt  to  the 
potassium  salt,  not  vice  versd.  In  making  emerald  green,  the 
acetic  acid  should  be  added  to  the  copper  before  adding  the 
arsenic  preparation,  if  a  good  result  is  to  be  obtained.  There  is 
another  feature  in  precipitation  worth  mentioning  here.  When 
a  solution  of  a  metallic  salt  is  added  to  another  solution  con- 
taining two  other  salts,  both  capable  of  precipitating  the  first,  it 
may  happen  that  a  kind  of  selective  action  may  take  place;  the 
metallic  salt  will  at  first  form  a  precipitate  with  one  of  the 
mixed  salts  only,  and  not  until  this  action  has  ceased  will  it 
precipitate  the  other.  An  excellent  example  is  the  action  of 
silver  nitrate  on  a  mixture  of  sodium  chloride  and  potassium 
chromate ;  with  the  first  it  will  give  a  white  precipitate  of  silver 
chloride,  with  the  second  a  dark  red  precipitate  of  silver 
chromate.  When  the  two  salts  are  mixed  together,  the  silver 
nitrate  will  not  precipitate  the  chromate  until  all  the  chloride 
has  been  thrown  down,  which  point  is  shown  by  a  change  in 
colour  of  the  precipitate  from  white  to  red.  Another  example  is 
the  precipitation  of  a  mixture  of  sodium  chromate  and  carbonate 
by  zinc  sulphate;  in  this  case  zinc  carbonate  is  first  thrown 
down.  In  precipitating  a  mixture  of  potassium  bichromate  and 
sulphuric  acid  with  lead  acetate,  lead  sulphate  is  thrown  down 
before  the  lead  chromate.  This  is  a  very  interesting  feature  in 
precipitation,  and  is  often  taken  advantage  of  by  chemists  for 
the  separation  of  substances,  one  from  the  other;  they  know  it 
as  fractional  precipitation. 

The  plant  required  for  making  colours  by  precipitation 
is  comparatively  simple.   There  are  required,  1st,  vessels  where- 
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in  to  dissolve  the  various  ingredients  used;  and  2nd,  vessels  in 
which  the  ingredients  are  mixed  together,  precipitation  vessels, 
which  are  preferably  of  wood,  as  those  of  earthenware  would  be 
too  easily  broken,  and  could  not  be  made  so  large  as  required. 
The  two  classes  of  tanks  or  tubs  should  be  kept  distinct;  a  dis- 
solving tub  should  not  be  used  for  precipitating  in.  Then  each 
colour  that  is  made  should  have  its  own  set  of  tubs.  If  a  set  of 
tubs  were  first  used  for  making  a  chrome-yellow,  and  then  for 


Fig.  36.— Plant  for  preparing  pigments  for  precipitation. 

making  a  Prussian  blue,  the  results  in  the  second  case  would  not 
be  very  satisfactory ;  the  rule  of  a  colour  shop  should  be  that 
every  distinct  colour  has  its  own  set  of  tubs.  The  reason  for 
such  a  course  is  that  it  is  practically  impossible  to  clean  the  tubs 
so  as  to  avoid  the  liability  of  the  remnants  of  one  batch  spoiling 
the  next  batch. 

Fig.  36  shows  a  good  arrangement  of  plant  for  preparing  pig- 
ments by  precipitation;  a  set  of  five  tubs  is  shown;  two  of  these, 
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CC,  are  placed  on  the  floor,  and  used  for  the  actual  precipitation; 
three,  D  D  D,  used  for  making  solutions  of  the  ingredients,  and 
which  may  be  smaller  than  C,  are  placed  on  a  platform,  P,  above 
C.  A  steam  pipe,  S,  with  branch  pipes,  carries  steam  to  all  the 
tubs  for  the  purpose  of  heating  the  contents,  if  that  be  neces- 
sary; arrangements  may  be  made  for  conveying  water  to  these 
tubs.  In  the  bottom  of  the  tubs  are  plug  holes  or  tap  holes, 
which  allow  of  the  contents,  when  ready,  flowing  into  C, 
through  troughs.  0  has  a  number  of  holes,  A,  A,  A,  fitted  with 
plugs,  by  the  removal  of  which  the  supernatant  liquors  are 
easily  run  off  after  the  pigment  has  settled.  Or  the  liquors  may 
be  siphoned  off.  Although  a  set  of  five  are  shown  in  the  draw- 
ing as  being  an  economical  number,  yet  three  only  are,  as  a  rule, 
required  to  be  used  at  one  time  for  preparing  a  pigment,  but 
with  five  two  batches  of  a  pigment  requiring  the  same  materials 
may  be  more  readily  prepared.  The  size  of  these  tubs  must  be 
proportioned  to  that  of  the  quantity  of  pigment  required  to  be 
turned  out.  A  convenient  size  for  the  dissolving-tubs  is  3  ft.  6  in. 
high,  by  2  ft.  6  in.  diameter;  the  capacity  being  about  110  gallons; 
the  precipitating  tub  may  be  3  ft.  6  in.  high  by  3  ft.  6  in.  diameter, 
and  will  hold  320  gallons;  batches  of  7  to  10  cwts.  of  colour  can 
easily  be  made  in  such  tubs. 

The  usual  method  of  procedure  in  making  pigments  by  precipi- 
tation is  as  follows.  The  materials,  after  being  weighed  out,  are 
placed  in  the  dissolving-tubs  with  the  requisite  quantity  of  water; 
then,  by  means  of  the  steam  pipes,  they  are  heated  until  complete 
solution  has  been  effected.  The  liquors  are  now  run  into  the 
precipitation  tank,  if  they  are  to  be  used  hot,  or  they  may  be 
allowed  to  cool  before  running  into  the  precipitation  tub.  While 
running  into  the  tub,  it  is  desirable  that  the  liquors  be  thoroughly 
mixed  by  stirring  together.  When  all  the  liquors  have  been  run 
into  the  precipitating  tub,  the  mass  is  allowed  to  stand  for  the 
precipitate  to  settle ;  when  this  has  occurred,  the  clear  liquor  is 
run  off.  fresh  clean  water  run  in,  the  precipitate  stirred  up  and 
again  allowed  to  settle  out,  and  the  water  run  off ;  if  necessary, 
this  washing  is  repeated  once  or  twice ;  finally,  the  precipitate  is 
allowed  to  settle,  the  clear  top  water  run  off  as  much  as  possible, 
the  precipitate  thrown  on  to  a  filter  for  the  rest  of  the  water  to 
drain  away,  and  the  still  wet  precipitate  placed  in  the  drying 
stove  to  dry. 

In  making  some  pigments,  such  as  rose  pink,  the  lake-pigments 
from  the  coal-tar  colours,  vermilionettes,  &c.,  solid  bodies  such 
as  barytes,  whiting  and  orange-lead  are  added.  This  is  best  done 
by  running  one  of  the  solutions  into  the  precipitating  tub,  adding 
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the  barytes,  &c.,  and  stirring  so  as  to  get  every  particle  of 
the  solid  thoroughly  incorporated  with  the  liquor;  then  the 
other  solution  is  run  in  and  the  operation  finished  as  described 
above.  Unless  care  is  taken  to  ensure  the  thorough  mixing 
of  the  dry  solid  added  with  the  liquors,  the  resulting  pigment 
will  have  a  speckled  appearance. 

In  preparing  pigments  from  such  natural  materials  as  log- 
wood, cochineal,  fustic,  Brazil  wood,  &c.,  where  the  whole  of  the 
material  is  not  dissolved,  the  actual  colouring  principle  should  be 
extracted  by  boiling  in  an  apparatus  so  constructed  as  to  permit 
the  colouring  principle  being  extracted  and  removed  by  boiling 
from  the  insoluble  particles  of  wood,  &c.  Further  details  are 
unnecessary,  as  the  extractors  made  are  numerous  and  eflScient. 
A  simple  form  would  be  a  boiler  fitted  with  a  perforated  false 
bottom,  on  which  the  dyewoods,  &c.,  are  thrown ;  a  similar  per- 
forated plate  is  placed  on  the  top  of  the  mass,  and  the  whole 
boiled  with  water;  when  the  extraction  is  considered  to  le 
finished,  the  liquor  is  run  off  below  the  false  bottom,  and  through 
a  filter  into  storage  tanks,  in  which  it  is  kept  until  required  for 
use. 


Filtering,  which  follows  precipitation,  effects  the  separation  of 
the  pigment  from  the  excess  of  water  it  contains.    The  simplest 


plan  is  to  use  a  filter  constructed  of  a  sheet  of  calico  loosely 
stretched  over  a  skeleton  framework  of  wood  (see  Fig.  37).  The 
wet  pigment  from  the  precipitating  tanks  is  thrown  on  to  this 
sheet  of  felt;  the  water  drains  through,  while  the  pigment 
remains  on  the  top  of  the  sheet. 


FILTERING. 


Fig.  37. —Filter. 


Filtering. 
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On  the  whole,  the  process  is  an  effectual  one,  and  the  filtration 
is  thorough ;  the  speed  and  completeness  depends  upon  the 
character  of  the  precipitate  and  the  quality  of  the  filtering  cloth. 
If  the  precipitate  is  powdery  and  somewhat  granular  in  struc- 
ture, then  the  filtering  goes  on  fairly  rapidly,  and  the  liquor 
that  drains  away  is  fairly  clear.  On  the  other  hand,  there  are 
precij)itates,  such  as  Prussian  blue  and  blanc  fixe,  that  are 
very  fine,  rather  slow  in  filtering,  and  from  which  it  is  difiicult 
to  obtain  a  clear  liquor. 

The  character  of  the  filter  cloth  should  be  adjusted  whenever 
possible  to  that  of  the  pigment  to  be  filtered ;  if  of  open  texture 
it  will  filter  rapidly,  but  for  fine  precipitates,  such  as  blanc  fixe, 
Prussian  blue,  chrome-yellows,  &c.,  it  is  not  suitable ;  it  can  be 
used  for  coarse  precipitates,  like  oxide  of  iron,  Derby-red,  lakes, 
<kc.  Fine  filter  cloths  filter  slowly,  but  the  filtration  is  thorough; 
such  cloths  must  necessarily  be  used  for  the  fine  pigments 
named  above. 


Fig.  38.  — Filter  press. 

The  modern  filter  press,  such  as  shown  in  Fig.  38^  has  not  yet 
been  generally  adopted  in  colour  shops,  although  its  use  would 
greatly  facilitate  the  filtration  of  pigments.  Its  cost  may  exclude 
it  from  small  colour  works,  but  in  large  works,  where  quantities 
of  pigments  are  turned  out,  its  use  will  be  found  to  save  both 
time  and  labour. 

Fig.  38  shows  the  form  of  press  specially  built  for  the  use  of 
colour  makers  by  A.  L.  G.  Dehne,  of  Halle  (Germany),  one  of  the 
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largest  makers  of  these  presses,  and  supplied  by  Messrs.  Follows 
&  Bate,  Engineers,  of  Gorton,  near  Manchester.  The  screw  at 
the  end  of  the  press  is  made  rotary,  so  that  it  is  easily  removed 
out  of  the  way  while  the  press  is  being  discharged  or  fitted  up. 
The  chambers  are  made  on  a  self-emptying  principle.  The 
working  pressure  is  110  to  140  lbs.  pressure.  These  presses  are 
made  with  from  four  to  as  many  as  fifty  chambers,  to  suit  the 
requirements  of  large  or  small  makers  of  colours.  The  machines 
are  also  made  with  small  or  large  chambers.  They  are  made 
with  or  without  an  arrangement  for  washing  the  cakes  of  solid 
matter  after  the  filtering  is  done  ;  this  washing  arrangement  is 
a  valuable  one,  being  useful  in  making  pigments,  such  as  Prussian 
and  Chinese  blues,  which  are  very  fine  and  light,  and  yet  need 
thorough  washing  to  preserve  the  purity  of  the  tints;  the 
chromes  also  retain  their  tints  much  better  if  washed  quickly. 
In  these  cases  a  washing  filter  press  is  desirable;  after  being 
made  the  colours  are  passed  through  the  press,  and  when  all 
the  liquor  has  drained  off*,  the  washing  water  is  run  through  the 
press,  this  operation  being  done  in  a  very  effectual  manner; 
it  not  only  takes  less  time  but  less  water  than  by  the  old 
system. 

It  consists  essentially  of  a  number  of  flat  chambers,  formed  of 
iron  frames  covered  with  filtering  felt,  placed  side  by  side  on  a 
suitable  iron  frame  and  pressed  against  one  another  by  means  of 
a  screw  or  hydraulic  press.  The  material  to  be  filtered  is 
pumped  into  the  chambers,  the  liquor  flows  through  the  felt, 
while  the  pigment  or  solid  matter  is  retained  within  the  chamber. 
When  it  is  considered  that  enough  has  been  sent  through  the 
filter  press,  it  is  taken  apart,  the  cakes  of  pigment  removed  from 
the  chambers,  and  sent  forward  to  the  drying  stove. 

The  efficiency  of  these  filter  presses  depends  upon  the  work- 
manship given  to  the  machine  by  the  makers ;  every  part  must 
fit  well,  otherwise  the  filtration  is  imperfect.  The  quality  of  the 
filter  cloths  also  has  some  influence.  Generally,  these  presses 
require  finer  cloths  than  the  simple  filter  described  above,  and, 
of  course,  fine  precipitates  will  require  finer  filter  cloths  than 
coarse  precipitates.  These  points  can  only  be  alluded  to  here  in 
a  general  way;  each  colour  maker  must  find  out  what  quality  of 
filter  cloth  will  best  suit  the  press  he  is  using  and  the  pigment 
he  is  filtering ;  and  in  a  similar  way,  the  best  conditions  of 
pumping  and  the  pressure  used  must  be  found  out. 

Another  method  of  filtering  is  by  the  vacuum  filter  press,  one 
form  of  which  is  shown  in  Fig.  39.  This  consists  of  a  hemi- 
spherical vessel  of  copper  divided  into  two  parts  by  a  perforated 
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plate.  The  top  part  is  open;  the  bottom  part  is  closed;  but  has 
two  openings,  one  of  which  serves  as  the  outlet  for  the  liquor 
which  runs  into  the  lower  part,  while  the  other  is  connected 
with  a  vacuum  pump.  The  mode  of  using  is  comparatively 
simple.  The  perforated  plate  is  covered  over  with  a  sheet  of 
filter  cloth,  the  material  to  be  filtered  is  thrown  on  to  it  and  the 
^racuum  pump  set  at  work;  the  liquor  runs  through,  leaving  the 
solid  matter  on  the  top  of  the  filter.  This  method  of  working  is 
very  simple  and  efficient,  quicker  than  the  first  method  described, 
but  not  so  quick  as  the  filter  press.  Other  forms  of  these  vacuum 
filters  have  been  made.  One  form  consists  of  a  conical  vessel 
fitted  on  the  top  of  a  strong  iron  box ;  between  the  two  is  a  per- 


Fig,  39.— Vacuum  filter. 


forated  plate  or  a  sheet  of  wire  gauze,  on  the  top  of  which  is 
placed  a  sheet  of  filter  cloth ;  the  material  to  be  filtered  is 
thrown  into  the  cone,  the  air  in  the  iron  box  is  pumped  out  by  a 
vacuum  pump,  the  liquor  is  forced  or  rather  pulled  through, 
leaving  the  solid  matter  in  the  conical  vessel. 


GRINDING. 

To  fully  develop  the  beauty  of  a  pigment,  and  make  it  best 
adapted  for  conversion  into  paint,  it  is  necessary  to  grind  the 
materials  very  fine.  Formerly  this  was  done  by  hand  on  a 
slab  of  marble,  with  a  muUer.  This  is  necessarily  a  slow  and 
tedious  process,  only  applicable  to  turning  out  small  quantities 
of  pigment  or  paint,  and  which  is  not  admissible  where  large 
quantities  are  required,  as  in  these  days  of  ready-mixed  paints. 
Grinding  mills  are,  therefore,  a  necessary  part  of  the  plant  of  a 
modern  colour-works. 
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Grinding  is  peculiarly  a  mechanical  operation,  it  is  rarely 
that  chemical  action  plays  any  part  in  it;  the  only  examples  are, 
perhaps,  oxalate  of  iron  yellow,  Naples  yellow,  and  mercury 
iodide  scarlet,  which  are  affected  by  iron  and  must  be  ground  in 
stone  mills.  These  pigments  are  only  used  by  artists,  and  in 
small  quantities.  As  a  rule,  the  manufacturer  of  house  paints 
need  not  trouble  himself  as  to  the  material  his  mills  are  made  of 
so  long  as  they  are  efficient,  although  those  with  granite  or  stone 
grinding  surfaces  are  to  be  preferred  to  those  which  have  them 
of  iron,  as  being  least  likely  to  affect  the  tints  of  the  pigments 
ground  in  them. 

The  grinding  mills  in  use  are  constructed  on  one  of  three 
principles,  and,  therefore,  may  be  divided  into  three  groups  : — 

1st.  Edge-runner  mills. 

2nd.  Flat-stone  mills. 

3rd.  E-oller  mills. 

The  first  two  kinds  have  been  used  for  grinding  purposes 
for  centuries,  so  that  nothing  is  known  as  to  who  invented 
them,  or  as  to  where  they  were  first  produced.  Probably  they 
were  at  first  very  simple  in  construction,  and  were  afterwards 
modified  so  as  to  increase  their  grinding  efficiency.  The  third 
group  is  of  modern  invention,  having  been  introduced  during 
the  last  forty  years ;  but  even  the  name  of  its  inventor  is  not 
definitely  known. 

1st.  Edge-runner  Mills. — This  form  of  grinding  mill  has  been 
in  use  for  centuries  for  grinding  corn,  stones,  and  other  materials. 
The  essential  principle  of  these  mills  is  that  of  a  circular  stone 
or  runner,  set  edgeways,  and  running  in  a  circular  basin-shaped 
trough  or  hopper  and  bed,  on  which  the  material  to  be  ground 
is  placed,  and  the  stone  rolling  over  it  crushes  it  to  powder.  Many 
forms  of  this  edge-runner  mill  are  made,  and  it  is  also  made  in  a 
great  variety  of  sizes,  suitable  for  the  various  materials  usually 
ground  in  such  mills.  In  some  forms  the  trough  and  bed  is  made 
to  revolve,  while  the  runners  are  made  to  turn  on  fixed  centres  or 
axes  by  the  friction  of  the  bed  on  their  edges  ;  in  other  forms  the 
bed  is  fixed,  and  the  runners  rotate  on  a  movable  central  shaft. 
In  this  case  the  runner  has  two  motions — one  on  its  own  axis, 
by  friction  with  the  bed,  and  another  round  the  axis  of  the  bed. 
In  some  mills  the  driving  motion  is  applied  from  above,  in  others 
from  below.  Besides  the  arrangements  for  driving  the  runners, 
there  is  also  a  number  of  scrapers  provided  to  keep  the  edge  of 
the  runners  from  becoming  covered  with  a  cake  of  the  ground 
colour ;  other  scrapers  are  fitted  to  the  bed  of  the  mill  to  keep 
the  material  under  the  runners,  and  prevent  it  from  getting  into 
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the  corners,  where  it  would  not  be  ground.  Usually,  also,  the  cen- 
tral shaft  is  provided  with  springs,  so  that  should  an  exceptionally 
hard  piece  of  material  pass  under  the  runners  the  latter  will  tilt 
a  little,  and  allow  the  piece  to  pass  without  doing  any  damage. 

In  Fig.  40  is  shown  a  section  of  Messrs.  Follows  &  Bate's 
newest  form  of  edge-runner  mill.  In  this  the  bed  is  made  of 
granite,  4  feet  8  inches  in  outside  diameter ;  the  runners  are  also 
made  of  granite,  and  are  30  inches  in  diameter  and  8  inches 
wide.  The  hopper  is  made  of  hard  wood,  the  bearings  of  the 
runners  of  lignum  vitse,  and  scrapers  (not  shown  in  the  section) 
also  of  the  same  hard  material;  thus  the  pigment  or  other 
material  being  ground  does  not  come  in  contact  with  any  metal ; 
therefore,  it  is  not  liable  to  be  deleteriously  affected.  Further, 
the  mill  can  be  kept  cleaner  than  is  possible  with  a  metal  hopper 


! 


I 

Fig.  40. — Edge-runner  mill. 


and  bed,  especially  where  the  mill  is  only  occasionally  used. 
The  mill  is  under-driven. 

The  same  firm  make  a  similar  mill  with  iron  edge  runners 
working  in  an  iron  hopper  or  bed.  These  mills  are  made  in 
several  sizes,  having  various  capacities ;  a  useful  size  is  the  one 
described  above.  Such  a  mill  requires  2  horse-power  to  drive 
it,  and  is  capable  of  grinding  from  1  to  1  ^  tons  of  colour  per  day, 
but  the  quality  will  necessarily  vary  with  the  character  of  the 
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material  which  is  being  ground.  Some  natural  oxides  are 
rather  hard,  and  1  ton  may  be  taken  as  a  fair  day's  work ;  on 
the  other  hand,  soft  ochres  may  be  ground  at  the  rate  of  2 
tons  a  day.  Much  depends  upon  the  degree  of  fineness  of  the 
grinding,  the  finer  it  is  the  smaller  will  be  the  quantity  turned 
out.    This  iron  edge-runner  mill  is  shown  in  Fig.  41. 

Messrs.  Follows  &  Bate,  Limited,  of  Gorton,  and  other  paint 
machinists,  make  a  form  of  edge-runner  mill  which  differs  from 
those  previously  described  in  having  but  one  runner,  which  is 
driven  by  suitable  gearing,  not  by  the  friction  between  it  and 
the  hopper;  this  gives  it  good  grinding  power,  but  not  more 
than  is  possessed  by  runner  mills  with  two  runners  of  equal 
size.  Its  mixing  power  is  good  and  the  working  easy.  Such  a 
mill  is  very  serviceable  in  putty  making,  wherein  both  a  grind- 
ing and  a  mixing  action  is  wanted. 


Fig.  41. — Iron  edge-runner  mill. 

The  edge-runner  mill  made  by  Messrs.  Torrance  &  Sons,  of 
Bilton,  Gloucestershire  (Fig.  42),  has  only  one  runner,  which  is 
fitted  with  gearing  that  makes  it  roll  round  the  pan,  and  a 
second  gearing  which  gives  it  a  positive  roll  on  its  own  axis 
(independently  of  friction  with  the  pan)  that  materially  increases 
the  grinding  power  of  the  mill. 

Various  other  types  of  edge-runner  mills  are,  and  have  been^ 
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made;  they  are  used  in  grinding  colours  and  for  mixing  paints, 
tkc;  it  is,  however,  not  needful  to  enter  into  a  detailed  descrip- 
tion of  these  as  they  have  not  been  found  to  be  of  much 
service  for  this  particular  purpose.  On  p.  379  is  shown  a  type 
of  edge  runner  used  in  the  pressing  of  oil,  and  a  comparison 
of  the  drawings  will  show  wherein  the  mills  are  different  in 
construction. 

In  some  respects  under-driven  edge  runners  are  not  so  stable 
as  over-driven  mills,  owing  to  the  necessity  of  raising  them 
above  the  floor  level ;  on  the  other  hand,  small  mills  are  more 
convenient  to  work  with  when  so  driven,  while  for  heavy 
grinding  and  large  sizes  of  mills  those  which  are  over-driven 
present  the  most  advantages.  Where  in  addition  to  a  grinding 
action  there  must  also  be  a  mixing  action,  the  edge-runner 


Fig.  42. — Single-runner  mill. 


mills  will  be  found  to  possess  some  points  of  advantage  over 
flat-stone  or  roller  mills. 

Edge-runner  mills  are  very  useful  for  the  first  coarse  grinding 
of  hard  material,  and  for  such  natural  pigments  as  the  oxides, 
ochres,  umbers,  barytes,  gypsum,  &c.  They  cannot  compete 
with  the  flat-stone  or  roller  mills  for  fine  grinding. 

2nd.  Flat-Stone  Grinding  Mills.  —  Grinding  mills  con- 
structed on  the  principle  now  to  be  mentioned  have  been 
known  for  a  very  long  time,  and  have  been  made  in  several 
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forms  for  grinding  all  kinds  of  materials.  As  a  rule,  they  are 
very  efficient.  In  these  flat-stone  mills  there  are  two  grinding 
surfaces  of  a  circular  form,  not  necessarily  (although  usually) 
horizontal ;  one  of  these  (usually  the  lower  one)  is  fixed,  while 
the  other  is  made  to  rotate  on  the  top  of  the  fixed  surface ;  the 
material  to  be  ground  is  usually  fed  between  the  two  surfaces  at 
the  centre,  and  the  motion  of  the  mill  is  such  as  to  cause  it  to 
pass  outwards  to  the  edge ;  in  doing  so  it  becomes  ground. 

Fig.  43  represents  a  simple  form.  A  is  the  top  stone,  which 
is  usually  about  1  foot  thick  and  2  feet  in  diameter.  In  the 
centre  is  fitted  the  driving  shaft,  E ;  the  centre  of  the  stone  is 
hollowed  out  in  a  conical  shape,  forming  a  hopper,  down  which 
is  fed  the  material  to  be  ground;  usually  a  scraper,  Sc,  scrapes 
the  material  from  the  sides  of  the  hopper,  and  causes  it  to  pass 


Fig.  43. — Flat-stone  grinding  mill. 


down  to  the  bottom.  The  fixed  stone  is  represented  at  B,  and 
is  often  a  fraction  larger  than  the  revolving  stone;  the  ground 
material  oozes  out  at  the  edge  between  the  two  surfaces,  and  is 
collected  by  a  scraper,  F,  and  passed  down  the  shoot,  S,  into  a 
receptacle  for  it  placed  below.  Often  a  number  of  these  mills 
are  placed  side  by  side  on  a  bench,  a  shaft  overhead  supplying 
the  necessary  driving  power ;  by  suitable  clutch-gearing  the 
mills  can  be  thrown  into  and  out  of  gear  as  may  be  required. 
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The  quantity  of  material  ground  in  such  mills  varies  con- 
siderably, and  is  dependent  on  the  kind  of  material  and  the 
degree  of  the  fineness  of  the  grinding ;  usually  from  to  1  ton 
of  material  may  be  considered  a  fair  day's  work. 

The  surfaces  of  the  stones  are  usually  corrugated  so  as  to 
increase  the  cutting  or  grinding  power  of  the  stones ;  these 
corrugations  are  arranged  rather  differently  by  various  makers 
of  these  mills ;  in  some  they  radiate  entirely  from  the  centre,  in 
others  some  radiate  from  the  centre  and  some  are  more  or  less 
tangential  to  the  circumference.    Their  shape  has  some  influence 


Fig.  44. 


on  the  grinding  power  of  the  stone  mill;  the  best  form  is  that 
shown  at  A  in  Fig.  44,  the  stone  moving  in  the  direction  of  the 
arrow;  the  back  edge  of 
the  corrugation  acts  like 
a  pair  of  shears  on  the 
material,  and  cuts  it ; 
the  shape  shown  at  B  is 
bad,  as  such  a  stone  has 
little  grinding  power. 
C  is  a  shape  commonly 
met  with  in  mills  with 
metal  grinding  surfaces. 

For  paste  colours,  it 
usually  suffices  to  build 
a  small  trough  round 
the  edges  of  the  stones, 
which  serves  to  collect 
the  ground  colour  as  it 
oozes  through  from  be- 
tween the  stones. 

Some  makes  of  these 
flat- stone  mills  have  the 
grinding  surfaces  con- 
structed of  hardened  steel ;  or  one  surface  of  granite,  the  other 


Fig.  45. — Levigating  grinding  mill. 
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of  steel;  or  both  grinding  surfaces  of  granite.  Modern  makes 
drive  the  moving  stone  from  underneath,  in  which  case  the  top 
stone  is  a  fixture,  while  the  bottom  is  made  to  revolve.  A 
variety  of  such  a  mill  is  shown  in  Fig.  45  (Messrs.  Brinjes  k 
Goodwin's  levigating  grinding  mill),  which  shows  very  well  the 
general  form  of  such  mills.  When  used  to  grind  crude  earthy 
pigments,  like  ochres,  siennas,  umbers,  &c.,  which  are  to  be 
subjected  to  levigation,  these  mills  are  (like  the  one  shown) 
cased  in,  the  water  and  crude  material  are  sent  in  by  the 
hopper  on  the  top  of  the  mill,  while  the  water  and  ground 
material  flow  out  through  the  spout  below  into  the  necessary 
settling  tubs. 

To  such  mills  screws  are  adapted  to  regulate  the  pressure 
between  the  grinding  surfaces,  and,  therefore,  the  degree  of 


Fig.  46.— Cone  paint  grinding  mill.       ^he  wall  of  the  grinding 

shop. 

Cone  Mills. — Another  form  of  mill  constructed  on  the  prin- 
ciple stated  above  is  that  known  as  the  cone  paint  mills,  shown 
in  Fig.  46,  which  is  a  drawing  of  one  of  Messrs.  Follows  & 
Bate's  cone  mills.  These  mills  are  always  driven  from  under- 
neath. Fig.  47  is  the  same  mill  shown  in  section,  whereby 
the  construction  of  the  mill  can  be  better  seen.  The  top 
grinding-surface  is  formed  by  the  bottom  edge  of  a  fixed  hopper, 


fineness  to  which  the 
materials  are  ground ; 
the  greater  the  pressure, 
the  finer  the  material; 
on  the  other  hand,  the 
amount  of  material  which 
can  be  ground  in  a 
given  time  is  materially 
reduced.  These  flat-stone 
mills  are  usually  very 
efficient,  and  some  paint 
grinders  prefer  them  to 
other  forms.  Certainly 
they,  as  a  rule,  take 
up  less  floor  space  than 
edge  runners  or  roller 
mills,  and  a  number  can 
be  readily  and  con- 
veniently arranged  on 
a    stout     bench  along 
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into  which  the  material  to  be  ground  is  fed.  The  bottom 
grinding-surface  is  made  of  a  conical  shape,  and  fits  closely 
against  the  edge  of  the  hopper.  The  actual  grinding  surfaces 
are  portions  only  of  the  hopper  and  the  cone  respectively,  and 
these  portions  are  usually  corrugated  so  as  to  increase  the  grinding 
action,  the  corrugations  starting  from  the  centre  and  tapering 
towards  the  outer  edges,  to  which,  however,  they  do  not  extend. 
A  screw  arrangement  under  the  mill  serves  to  regulate  the 
distance  apart  of  the  two  surfaces,  and  consequently  the  fineness 
of  grinding.  The  material  is  fed  into  the  hopper,  a  revolving 
knife  in  which  serves  to  keep  the  materials  well  mixed  together; 


I 
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Fig.  47. — Cone  paint  grinding  mill. 

the  ground  material  passes  out  from  between  the  surfaces,  and 
is  scraped  off  by  a  suitable  scraper ;  in  modern  forms  of  this  mill 
a  trough  is  provided  for  the  ground  material  to  collect  in ;  this 
trough  can  be  emptied  from  time  to  time  as  may  be  required. 

These  cone  mills  are  made  in  various  sizes,  from  mills  small 
enough  to  be  driven  by  hand  (Fig.  46)  to  those  large  enough 
to  require  power  (Fig.  47).    They  are  serviceable  for  ail  kinds  of 

23 
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materials,  and  particularly  for  wet  paints.  By  being  fitted  with 
covers  and  covered  spouts,  they  may  be  used  for  grinding 
enamel  paints,  varnish  paints,  and  other  like  materials  con- 
taining volatile  liquids. 

The  quantity  of  material  these  mills  are  capable  of  grinding 
varies  with  their  size,  but  a  mill  having  grinding  surfaces  12 
inches  in  diameter  will  grind  from  12  to  15  cwts.  per  day;  but 
these  mills  can  be  had  for  grinding  any  quantity  up  to  40  cwts. 
per  day. 

It  is  a  convenient  plan  in  a  large  works  to  arrange  a  number 
of  these  cone  mills  in  a  gang  along  a  bench  driven  from  one 
main  shaft,  each  mill  having  a  friction  clutch  to  throw  it  in 
and  out  of  gear. 

In  Fig.  48  is  shown  a  sectional  view  of  Messrs.  Follows  & 
Bate's  latest  form  of  cone  mill,  which  they  call  a  disintegrator. 

This  mill  is  adapted  for 
grinding  friable  ma- 
terials which  are  offered 
to  the  mill  in  compara- 
tively large  pieces.  It 
will  be  seen  that  the 
grinding  surfaces  are 
very  deeply  serrated, 
especially  where  the  ma- 
terial first  comes  in  con- 
tact with  them,  while 
the  extreme  edges  are 
not  serrated,  so  that  the 
materials  are  ground 
very  finely.  The  ma- 
chine is  strongly  built, 
takes  but  a  small  power 
to  drive,  and  does  its 
work  well ;  every  part 
is  easily  accessible  for 
cleaning,  while  a  cover 
prevents  any  of  the  ma- 
terial from  flying  about, 
This  mill  is  best  suited 

for  grinding  dry  mater- 
Fig.  48. -Disintegrator.  j^j^^  p^^^^ 

colours. 

Fig.  49  is  a  sectional  view  of  a  more  recently  introduced  dis- 
integrator which  has  a  vibrating  hopper  feed.    These  disinte- 
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grators  are  capable  of  dealing  with  a  great  variety  of  materials. 
The  grinding  surfaces  are  20  inches  in  diameter  and  run  at  a 
considerable  speed,  550  to  1,000  revolutions  per  minute.  The 
mill  is  very  strongly  constructed.  It  takes  about  4  horse-power 
to  drive  it ;  the  output  varies  greatly  according  to  the  hardness 
and  friability  of  the  material  being  ground. 


Fig.  50  is  a  partly  sectional  view  of  a  cone  mill,  or,  as  it  is 
sometimes  called,  a  conoidal  mill,  in  which  stones  are  used  for 
the  grinding  surfaces  in  place  of  iron  surfaces.  Such  a  mill 
will  be  found  useful  in  those  cases  where  it  is  thought  that 
iron  grinding  surfaces  will  affect  the  material  being  ground. 
The  grinding  surfaces  are  entirely  enclosed,  and  the  ground 
material  flows  out  through  a  spout  placed  in  the  lower  portion 
of  the  mill. 

Messrs.  Follows  &  Bate,  of  Gorton,  make  an  horizontal  cone 
mill  (shown  in  Fig.  51),  in  which  the  grinding  surfaces  are 
arranged  vertically.  Unlike  other  cone  mills,  the  grinding 
surfaces  are,  in  this  mill,  made  of  French  burr  stone,  the 
fixed  surface  being  made  concave,  while  the  revolving  stone 


Fig.  49. — Disintegrator  (section). 
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is  made  convex  and  ground,  after  being  fixed  on  its  spindle,  to 
fit  the  concave  surface.  Both  surfaces  are  furrowed  to  suit  any 
special  work  for  which  they  may  be  required.  By  means  of  a 
screw  the  pressure  between  the  surfaces,  and,  therefore,  the 
degree  of  fineness  of  grinding,  can  be  regulated.  This  mill  does 
its  work  well,  takes  up  comparatively  little  floor  space,  and,  for 


Fig.  50. — Cone  mill  (section  and  elevation). 

quality  of  work  done,  is  much  better  than  the  edge-runner  mills. 
Owing  to  being  placed  direct  on  the  floor  and  low  in  construction, 
they  are  remarkably  steady  in  running,  and  are  convenient  for 
feeding  the  rough  material. 

Arrangements  can  be  made  for  working  these  mills  in  gangs, 
comprising  a  number  placed  side  by  side  on  a  long  bench.  A 
driving  shaft  is  carried  alongside  them  and  connected  to  each 
mill  by  suitable  gearing,  so  as  to  allow  of  each  mill  being  used 
as  required. 

3rd.  Roller  Grinding  Mills. — Roller  grinding  mills  are  only 
of  comparatively  modern  introduction,  but  they  are  now  in  very 
extensive  use  for  grinding  all  kinds  of  materials,  and  have  dis- 
placed the  flat-stone  mills  to  a  very  considerable  extent.  The 
first  roller  mill  which  was  invented  was  patented  in  1852  by  an 
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engineer  named  Jack^  and  consisted  of  a  roller  working  in  a 
curved  liorizontal  surface,  a  form  which  presented  many  dis- 
advantages, and  probably  never  came  into  extensive  use. 

The  foim  which  the  roller  mill  takes  to-day  was  first  patented 
in  1852  by  «/.  Geyelin,  whose  mill  is  shown  in  Fig.  52.  These 
mills  are,  however,  generally  known  as  Clarh^s  roller  mills,  from 
the  name  of  the  first  maker,  Mr.  B.  H.  Clark.  Geyelin's  mill 
had  three  rollers  horizontally  placed  in  a  suitable  framing ;  the 
rollers  could  be  either  conical  or  cylindrical ;  the  middle  roller 
was  the  driving  roller,  and  was  connected  with  the  other  two  by 
spur  wheels  arranged  in  such  a  manner  that  the  speeds  of  re- 
volution of  the  three  rollers  were  different. 


Fig.  .51. — Horizontal  cone  grinding  mill. 

Screws  for  regulating  the  pressure  between  the  rollers  are 
provided,  as  also  tension  springs  between  the  bearings,  to  allow 
a  little  play  between  the  rollers  in  case  any  hard  material  should 
happen  to  accidentally  get  between  them.  A  hopper  between 
the  first  two  rollers  serves  for  the  introduction  of  the  material 
to  be  ground,  while  a  scraper  takes  off  the  ground  material  from 
the  last  roller.  Geyelin's  mill  includes  many  points  of  detail 
more  fully  worked  out  in  the  more  modern  forms  of  these 
roller  mills. 

Fig.  53  is  a  drawing  in  section  of  Messrs.  Follows  &  Bate's 
three-roller  mill,  with  rollers  24  x  12  inches  of  granite.  The 
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rollers  are  driven  by  a  countershaft  underneath,  geared  with 
spur  wheel  on  the  centre  roller ;  the  back  and  front  rollers  are 
driven  by  wheels  placed  on  each  side  of  the  centre  roller  and 
arranged  to  run  at  different  speeds,  viz.  : — back  roller  40, 
centre  roller  60,  and  front  roller  90  revolutions  per  minute; 
this  difference  of  speeds  much  increases  the  efficiency  of  the 
grinding,  and  ensures  that  the  action  of  the  mill  shall  be  a 


Fig.  52.  — Geyelin's  roller  grinding  mill, 

grinding  action,  and  not  simply  a  crushing  action,  as  would  be 
the  case  if  the  rollers  all  revolved  at  the  same  speed.  The 
central  roller  has  a  lateral  motion  imparted  to  it,  whereby  a 
further  grinding  effect  takes  place,  and  there  is  less  risk  of  the 
rollers  being  worn  into  grooves,  which  would  reduce  their 
efficiency  very  much.     Springs  are  placed  in  connection  with 
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the  bearings,  and  by  suitably- arranged  screws  the  pressure  of 
rollers  on  one  another  can  be  adjusted  with  nicety.  A  delivery 
scraper  is  provided,  as  also  adjusting  guides  to  regulate  the 
amount  of  material  supplied  to  the  feed  rollers. 

The  mill  may  be  had  in  various  sizes,  from  one  having  rollers 
24  inches  by  12  inches,  and  capable  of  grinding  2  tons  of  white 
lead  (or  1  to  1|  ton  of  other  colours),  to  a  mill  with  rollers 
30  inches  by  15  inches,  turning  out  10  tons  of  white  lead  and 
from  6  to  8  tons  of  other  colours  per  working  day.  These  mills 
take  from  3  to  4  horse-power  to  drive  them. 


Fig.  53. — Roller  grinding  mill. 


Fig  54  shows  the  combination  of  the  same  grinding  mill  with 
two  pug  mills  of  the  construction  shown  in  Fig.  57,  p.  365. 
This  combination  of  mills  has  been  found  very  serviceable  and 
economical  of  labour.  The  pugs  are  connected  to  the  main 
driving  shaft  of  the  mill  by  chain  gearing,  so  that  a  positive 
drive  is  obtained,  and  there  is  no  slip  or  loss  of  power,  as  would 
be  the  case  with  a  belt  drive,  and  there  is  less  noise  than  if  a 
wheel  gearing  was  adopted ;  by  suitably  arranged  clutches  the 
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pugs  may  be  thrown  in  or  out  of  gear  as  may  be  required. 
The  contents  of  the  pug  mills  are  discharged  on  to  the  roller 
mill  through  sluices  at  the  bottom.  Fig.  60,  p.  366,  also  shows 
a  combined  grinding  and  mixing  mill. 

In  Fig.  55  is  shown  a  very  powerful  roller  grinding  mill  made 
by  Messrs.  Follows  &  Bate.  This  drawing  will  also  give  a  good 
idea  of  the  general  appearance  of  the  roller  mill  and  combined 
roller  and  pug  mill.  Figs.  53  and  54  show  it  in  section  only. 
The  large  mill  really  consists  of  two  three-roller  mills  placed 


Fig.  64. — Combined  roller  and  pug  mill. 

one  above  the  other,  so  that  the  ground  material  from  the 
uppermost  mill,  which  gives  the  first  grinding,  passes  direct  to 
the  lower  mill,  where  it  receives  a  second  grinding.  A  pair  of 
pug  mills  is  placed  above  the  mills  for  mixing  the  materials 
together  which  are  to  be  afterwards  ground  in  the  mills.  The 
top  mill  and  the  pug  mills  are  driven  from  the  driving  shaft  by 
chain  gear  as  shown  in  the  drawing.  The  mixing  mills  are  so 
arranged  that  they  can  be  thrown  in  and  out  of  gear  at  will, 
either  together,  or  separately. 


Fig.  55. — Combined  double  roller  and  pug  niili. 
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Fig.  56  is  a  sectional  drawing  of  a  small  triple  iron  roller 
mill  made  by  Messrs.  Follows  &  Bate,  specially  suitable  for 
grinding  small  quantities  of 
colour  which  are  wanted 
quickly.  The  mill  is  made 
to  be  easily  handled  and 
cleaned,  and  its  use  prevents 
the  needless  waste  of  material 
which  occurs  when  a  small 
quantity  is  ground  in  a  large 
mill.  The  drawing  gives  the 
details  of  the  gearing  and 
shows  how  the  differential 
speeds  of  the  three  rollers  are 
obtained.  The  same  system 
of  gearing  is  employed  in 
other  roller  mills  of  the  same 
makers.  The  mill  requires 
about  ^  horse-power  to  drive 
it  and  will  turn  out  about  l^- 
to  cwt.  of  ground  material 
per  day,  the  rollers  measure 
13  J  inches  by  3|  inches.  The 

mill  has  large  driving  pulleys,  

16  inches  by  3  J  inches,  giving    ^ig.  56. -Triple  roller  mill  (section), 
considerable  power. 

An  old  form  of  roller  grinding  mill  has  the  three  rollers 
placed  in  a  vertical  position — a  large  one  at  the  bottom,  one 
rather  smaller  placed  centrally  above  this,  another  of  the  same 
size  above  and  a  little  behind  this ;  these  two  rollers  are  the 
feed  rollers,  the  large  one  the  delivery  roller;  all  rotate  at 
different  speeds. 

In  some  recent  makes  of  these  mills  the  tendency  is  to  increase 
the  number  of  rollers ;  for  very  fine  grinding  it  is  necessary  to 
run  the  material  twice  through  the  mill  to  ensure  it  being  pro- 
perly ground ;  this  repetition  increases  the  labour  attached  to 
the  process.  To  avoid  this  some  makers  have  double  mills  with 
six  rollers  (see  Fig.  55)  in  which  the  material  is  ground  by  the 
first  three  rollers  and  is  then  passed  on  to  be  re-ground  by  the 
second  three  rollers.  Other  makers  arrange  four  or  five  rollers 
in  one  mill,  so  that  an  increased  amount  of  grinding  takes  place  ; 
such  mills  are  apt  to  get  cumbrous  and  rather  difficult  to  keep 
clean. 

The  efficiency  of  a  roller  grinding  mill,  as  indeed  of  any  other 
form  of  colour  grinding  mill,  depends  upon  the  accuracy  with 
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which  the  grinding  surfaces  work  against  one  another.  It  must 
be  borne  in  mind  that  the  beauty  of  a  pigment  depends  a  very 
great  deal  on  the  fineness  of  its  particles,  the  finer  these  are  the 
more  brilliant  will  be  its  colour,  while  its  body  and  covering 
power  will  be  increased.  Unless  the  grinding  surfaces  are  made 
with  great  accuracy  it  is  impossible  for  a  grinding  mill  to  turn 
out  materials  of  the  desired  degree  of  fineness  of  particles.  The 
difference  in  the  efficiency  of  a  grinding  mill  of  two  different 
makers  often  lies  in  this  one  point  of  the  accurate  fitting  of  the 
grinding  surfaces,  which  increase  the  cost  of  the  mill  to  some 
extent. 

E/Oller  mills  are  only  suitable  for  grinding  colours  mixed  with 
oil ;  they  cannot  be  used  for  dry  colours  at  all.  The  principle 
on  which  most  of  them  work  is  that  the  colour,  previously 
mixed  with  oil,  is  fed  between  the  first  and  second  rollers, 
where  it  gets  a  first  grinding  and,  then,  adhering  to  the  middle 
roller,  it  is  carried  round,  and  again  ground  between  the  middle 
and  the  last  roller ;  then,  passing  round  the  third  roller  it  is 
scraped  off  by  the  delivery  scraper  and  delivered  into  a  receiver. 
The  delivery  scrapers  are,  in  all  the  best  makes  of  these  mills, 
kept  in  contact  with  the  third  roller  by  balance  weights  which, 
on  the  whole,  work  better  than  if  the  pressure  of  the  scraper  on 
the  roller  was  brought  about  by  a  wheel  and  screw  arrange- 
ment. It  is  obvious  that  as  the  colour  is  in  most  forms  carried 
between  the  second  and  third  rollers  by  its  power  of  adhesion 
to  the  second  roller,  that  dry  colours,  having  little  or  no  such 
adhesive  power,  cannot  be  ground  in  these  roller  mills. 

Although  a  roller  mil]  is  capable  of  grinding  a  large  quantity 
of  material  in  a  given  time,  it  is  generally  considered  that  they 
do  not  grind  colours  so  fine  as  does  a  well-built  flat-stone  mill, 
or  a  stone  conoidal  mill. 

Grinding  has  become  recognised  as  a  most  important  element 
in  the  production  of  pigment  colours ;  it  increases  their  bril- 
liance, their  covering  power,  and  general  efficiency  for  the 
preparation  of  paints.  The  grinding  must,  therefore,  be  done 
in  an  efficient  manner.  To  ensure  this,  the  grinding  surfaces 
of  the  mills  must  be  accurately  faced  or  ground  so  that  they 
fit  together  properly  ;  all  the  best  makers  recognise  this,  and 
pay  particular  attention  to  the  truing  of  the  grinding  surfaces 
of  their  mills,  although  by  so  doing  the  cost  of  the  mill  is 
materially  increased. 

It  will  often  happen  that,  to  ensure  a  proper  degree  of  fine- 
ness of  the  pigment,  it  may  be  necessary  to  pass  the  materials 
several  times  through  the  mill ;  if  this  be  so,  the  pressure 
brought  to  bear  upon  them  may  be  increased  at  each  successive 
passage,  whereby  the  grinding  is  better  done. 
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The  various  types  of  mill  produce  somewhat  different  effects ; 
with  the  roller  mills  a  more  uniform  grinding  takes  place,  and 
the  particles  of  ground  pigment  are  more  nearly  of  a  size.  The 
disintegrator  and  flat-stone  mills  also  grind  well,  but  the  ground 
material  varies  considerably  in  its  degree  of  fineness  ;  in  some 
portions  the  particles  are  exceedingly  fine,  in  others  they  are 
comparatively  coarse ;  the  general  average  is,  however,  equal  to, 
if  not  better  than,  that  yielded  by  the  roller  mill.  The  edge- 
runner  mills  also  work  very  well,  and  produce  a  uniform 
grinding  of  the  material;  in  this  respect  they  resemble  the 
roller  mill. 

An  important  part  of  the  plant  of  a  colour  and  paint  shop  is 
the  mixing  or,  as  they  are  often  called,  the  pug  mills,  in  v/hich 
the  dry  colour  is  mixed  with  the  oil,  either  to  form  the  stiff 
paste  in  which  so  much  of  the  painter's  pigments  is  now  sold, 
or  to  mix  the  pigment,  oil,  &c.,  into  paint  ready  for  use. 

The  usual  form  of  these  pug  mills  is  shown  in  Pig.  57,  which 
represents  one  of  Messrs.  Follows  &  Bate's  pug  mills.  It 
consists  of  a  cylindrical  casing  24  inches  in  diameter  and  24 
inches  high ;  in  the  centre  is  a  revolving  shaft  carrying  arms 
which  effectually  mix  the  various  ingredients  together ;  such  a 
pug  mill  will  mix  3  tons  of  white  lead  in  an  ordinary  working 
day.  It  is  customary  to  arrange  a  pair  of  these  pug  mills  in  con- 
nection with  a  roller  grinding  mill,  as  shown  in  Figs.  54  and  55, 
in  which  case  arrangements  are  made  for  driving  the  pugs  sepa- 
rately from  the  grinding  mill,  so  that  either  one  or  both  may  be 
mixing  at  the  same  time,  or  one  be  mixing  and  the  other  deliver- 
ing its  contents  to  the  grinding  mill  through  the  openings  in 
the  bottom  of  the  pug  mill  provided  for  that  purpose.  In  large 
works  it  is  customary  to  arrange  several  of  these  in  what  is 
called  a  gang  along  a  bench  and  driven  from  one  main  shaft. 

The  power  required  to  drive  a  pug  mill  varies  greatly  with 
the  nature  of  the  materials  being  mixed  and  with  the  con- 
sistency of  the  mixture.  White  lead  made  into  the  usually 
stiff  wet  white  lead  takes  rather  more  power  than  does  an  ochre 
or  barytes ;  usually  such  a  mill  will  take  about  2  horse-power 
to  drive  it.  The  efficiency  of  the  mill  depends  upon  the  beaters, 
these  have,  however,  to  be  made  fairly  strong  to  enable  them  to 
overcome  the  great  cohesiveness  of  the  mass  of  wet  pigment  in 
the  mill ;  in  the  majority  of  mills  they  take  the  form  of  tri- 
angular shaped  arms  projecting  from  the  central  shaft  as  seen 
in  the  drawing,  while  in  the  particular  make  of  mixer  referred 
to  there  is  also  a  vertical  blade  working  close  to  the  sides  of  the 
mill  keeping  them  clear  of  material. 
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Fig.  58  is  a  sectional  drawing  of  one  of  Messrs.  Follows  & 
Bate's  horizontal  mixing  or  pug  mills,  which  shows  the  number 
and  form  of  the  beaters  or  agitators  and  the  manner  of  driving 
the  mill.  This  mill  is  made  in  several  sizes,  from  one  measuring 
24  inches  by  24  inches  to  one  measuring  30  inches  by  36  inches. 
It  takes  from  2  to  2^  horse-power  to  drive,  and  will  work  four 
to  five  charges  per  day,  say  2  tons  of  white  lead.  It  is  very 
efficient  in  use.  Fig.  59  is  a  perspective  view  of  the  same  mill, 
which  gives  a  good  idea  of  its  general  appearance. 

Fig.  60  shows  this  form  of  mixing  mill  arranged  to  work  in 
connection  with  a  triple  roller  mill.    As  shown  in  this  and  other 


Fig.  61. — Mixing  mill, 

drawings,  it  is  customary  to  have  two  pug  mills  in  connection 
with  one  roller  mill;  the  driving  is  so  arranged  that  each 
mixing  mill  can  be  worked  separately  and  yet  be  independent 
of  the  grinding  mill. 

Taking  every  point  into  consideration,  it  may  be  asserted 
that  of  the  two  principal  forms  of  mixing  mills,  the  horizontal 
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form  possesses  the  greatest  advantages  and  is  to  be  preferred 
to  the  vertical  form. 

Fig.  61  represents  one  of  Messrs.  Werner  &  Pfleiderer's  uni- 
versal mixing  mills.  In  it  the  trough  containing  the  material  to 
be  mixed  is  placed  horizontally ;  there  are  two  mixing  blades  of 
a  peculiar  form,  which  revolve  in  opposite  directions,  one  within 
the  other,  so  as  to  cause  a  thorough  mixing  of  the  materials. 
This  peculiar  construction  of  the  mixing  blades  is  shown  in  the 
illustration,  which  also  represents  the  mill  as  being  tilted  for 
emptying ;  the  working  position  is  with  the  trough  horizontal. 
These  mills  are  made  in  a  great  variety  of  sizes  and  forms,  and 
are  very  effective,  doing  their  work  well  and  thoroughly  ;  they 
can  be  used  either  for  dry  or  paste  colours. 

A  mixing  mill  of  another  pattern  made  by  Messrs.  Follows  & 
Bate  is  shown  in  Fig.  62.    This  form  is  very  good  for  mixing 


Fig.  62.— Mixing  mill. 

paint  or  dry  colours  together.  The  materials  to  be  mixed  are 
placed  in  a  can  or  vessel,  and  this  in  turn  is  placed  on  an  hori- 
zontal spur  wheel  wherebv  it  is  caused  to  revolve.    A  bunch  of 
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stirring  rods  is  made  to  revolve  by  suitable  gearing  so  as  to  mix 
the  materials  in  the  vessel.  Arrangements  are  provided  by 
means  of  which  the  stirrers  can  be  lifted  in  or  out  of  the  vessel 
as  may  be  required.  This  mill  is  an  effective  one,  and  capable  of 
getting  through  a  large  amount  of  work. 

It  is  a  good  plan  in  mixing  oil  with  the  dry  colour  to  pour  the 
oil  over  the  colour  at  least  24  hours  before  mixing  and  grinding, 
as  the  gradual  absorption  of  the  oil  by  the  colour  promotes  and 
quickens  their  intimate  mixture  in  the  pug  mill. 

The  quantity  of  oil  required  to  grind  colours  into  the  stiff  paste 
in  which  they  are  now  so  largely  sold  varies  very  considerably 
with  different  pigments ;  some  only  require  a  comparatively  small 
quantity  of  oil,  others  a  relatively  large  quantity.  Even  with 
different  samples  of  the  same  colour  the  proportion  will  vary  a 
little.  Different  colour  makers,  too,  use  different  proportions  of 
oil  and  dry  colour  in  grinding.  The  following  table  will  give 
some  idea  of  the  proportions  usually  adopted,  which  are  essen- 
tially the  same  both  for  raw  and  for  boiled  linseed  oil : — 


White  lead, 
Zinc  white, 
Barytes, 
Putty, 
Black, 

Brunswick  green, 
Bed  oxides, 
Brunswick  blue, 
Oxford  ochre, 
Burnt  Turkey  umber, 
English  umber,  . 
Vandyke  brown, 
Siennas, 
Black  in  turps. , 


7^  per  cent,  of  oil. 
22 
7 

18 
27 
II 
10 
11 
164 
29 
20 
40 
374 
55 


turpentine. 


These  figures  are  based  on  practical  working,  but,  as  mentioned 
above,  are  liable  to  vary  a  little  from  time  to  time. 

Finally,  the  mixing  and  grinding  of  paints  and  colours  cannot 
be  too  well  done,  as  these  operations  materially  influence  their 
brilliance  and  covering  power. 

MIXING  AND  SIFTING  MACHINES.— Of  late  years 
there  has  come  into  use  in  colour  works,  for  the  purpose  of 
mixing  and  sifting  dry  colours,  a  class  of  mechanical  sifters  and 
mixers.  A  good  type  of  these  is  shown  in  Y\g.  63,  which  re- 
presents Messrs.  Wm.  Gardner  &  Son's  "  Rapid  "  sifters.  The 
engraving  shows  the  construction  of  the  machine,  which  consists 
of  two  parts,  the  upper  portion  being  the  sifter,  the  lower 
portion  the  mixer.     The  material  is  fed  through  a  hopper 

24 
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which 
brush 


is  fitted  with 
of  a  peculiar 


a  vibratory  feed  board  and  falls  upon  a 
construction ;  this  brush  rubs  it  against 
fine  wire  gauze,  the  fine  particles  being 
forced  through,  while,  owing  to  the  spiral 
form  of  the  brush,  the  material  is  carried 
forward  ;  it  next  comes  in  contact  with 
hard  brushes  which  break  the  coarse  par- 
ticles up  into  fine  ones  and  send  them 
through  the  sieve  into  th©  mixer ;  while, 
if  there  be  any  particles  which  are  too 
hard  for  the  brushes  and  too  large  for 
the  sieve,  these  are  sent  forward  through 
a  spout  out  of  the  machine. 

The  mixing  portion  consists  of  a  set  of 

Fig.  63.-*^Eapid"  sifter  j^^^^^.^  ^}^^^'  ^^J^^ 

(Gardner's  latent).      rapidly  and  efeciently  upon  the  materials 
contained  in  the  mixing  chamber.  The 
machine  is  made  in  various  sizes  to  take  charges  of  from  15  lbs. 
to  1  ton,  and  to  work  either  by  hand  or  power. 
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PAINT  VEHICLES. 

The  most  convenient  way  of  applying  pigments  to  the  surfaces 
of  bodies  is  by  mixing  them  with  certain  fluid  bodies  called 
"  vehicles,"  which  act  both  as  carriers  and  as  fixers.  Vehicles 
may  consist  either  of  a  single  fluid,  of  a  mixture  of  liquids,  or 
even  of  a  liquid  containing  a  solid  body  in  solution,  which  may 
act  as  the  real  fixing  agent,  the  fluid  simply  acting  as  a  solvent 
for  this  and  a  convenient  medium  wherewith  to  mix  the  pigment 
with  it  for  use  as  a  paint.  The  usual  vehicles  are  certain  oils, 
turpentine,  shale  spirits,  benzoline  or  petroleum  spirit,  benzol, 
coal-tar  naphtha,  methylated  spirit  or  alcohol  and  water.  Each 
of  these  is  used  in  certain  classes  of  paints  and  varnishes. 

PAINT  OILS. — The  oils  are  a  numerous  group  of  bodies 
derived  from  both  animal  and  vegetable  sources.  The  char- 
acteristic features  of  oils  are  that  they  are  lighter  than  and 
insoluble  in  water,  are  rather  viscid  fluids,  arc  greasy  to  the  feel, 
and  impart  a  permanent  greasy  stain  to  paper;  they  are  only 
partially  soluble  in  alcohol,  but  are  freely  soluble  in  ether, 
petroleum  spirit,  and  turpentine,  and  some  other  solvents  of  a 
similar  character.  Boiled  with  caustic  soda  (sodium  hydroxide), 
they  are  decomposed,  yielding  soap  and  glycerine.  All  the  oils 
are  not  suitable  for  use  as  paint  oils;  they  may  be  divided  into 
two  principal  groups  with  some  sub-groups: — 1st,  Those  oils 
which  on  exposure  to  the  air  do  not  change,  or,  at  most,  become 
slightly  more  viscid.  2nd,  Those  oils  which  on  exposure  to  air 
gradually  become  hard  and  dry;  these  oils  are  called  the  drying 
oils,  and  are  used  as  paint  oils  on  account  of  their  possessing  this 
important  property.  The  first  group  of  oils  are  known  as  the 
non-drying  oils ;  they  are  quite  useless  as  paint  oils,  and  are  never 
used  for  that  purpose. 

The  oils  belong,  chemically,  to  that  group  of  bodies  known  as 
salts,  which  may  be  defined  as  compounds  containing  two 
radicles,  one  of  which  is  of  acid  origin,  the  other  of  basic  origin. 

In  the  case  of  oils  the  latter  is  always  the  body  known  as 
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glyceryl  (O3  H5),  which  when  combined  with  hydroxyl  (H  0) 
forms  the  well-known  compound,  glycerine,  C3  H5  (H  0)3;  hence 
oils  are  frequently  known  as  giycerides  because  on  saponification 
they  yield  glycerine.  In  the  oils  this  glyceryl  is  united  with 
various  acids;  for,  while  there  is  only  one  base  present  in  any  oil, 
there  are  rarely  fewer  than  two  acids  present,  and  often  there  are 
many  more.  These  acids  are  known  as  the  fatty  acids,  and  form 
a  rather  numerous  group,  or  rather  several  groups  of  bodies. 
8ome  of  these,  such  as  oleic,  stearic,  palmitic,  linolic,  are  found 
present  to  a  greater  or  less  extent  in  all  oils ;  others,  such  as 
arachidic,  ricinoleic,  valeric,  &c.,  are  only  found  in  small 
quantities,  and  often  only  in  certain  oils  of  which  they  are 
the  characteristic  constituent,  such  as  ricinoleic  acid  in  castor 
oil,  arachidic  acid  in  ground  nut  oil,  valeric  acid  in  fish  oils, 
rapic  acid  in  rape  oil,  linolic  in  linseed  oil. 

The  fatty  acids  may  be  divided  into  five  groups,  which,  from 
the  most  prominent  acid  they  contain,  may  be  named — 1st,  the 
stearic  acids;  2nd,  the  oleic  acids;  3rd,  the  linolic  acids;  4th, 
the  linolenic  acids ;  and  5th,  the  ricinoleic  acids. 

The  first  group  is  a  very  numerous  and  important  series  of 
acids,  and  is  often  called,  from  the  most  important  member  of  the 
series,  the  acetic  acid  group.  Many  of  these  bodies,  such  as  acetic 
acid  and  stearic  acid,  are  used  on  a  large  scale  in  various 
industrial  operations  ;  others  are  of  importance  as  occurring  in 
products  which  are  of  great  industrial  value.  The  following  lists 
comprise  all  the  known  members  of  these  series : — 


1.  STEARIC  SERIES  OF  FATTY  ACIDS. 


Name. 

Formula. 

Name. 

Formula. 

Formic,     .    .  . 

HCHO2 

Pentadecatoic,  . 

H  C15  H29  O2 

Acetic,      .    •  . 

H  C2  H3  O2 

Palmitic,  .    .  . 

H  C16  H31  O2 

Butyric,     .    .  , 

H  C4  H7  O2 

Margaric,  .    .  . 

H  C17  H33  O2 

Caproic,    .    .  . 
(Enanthylic,  .  . 

H  Cfi  Hii  O2 

Stearic,     .    .  . 

H  C18  H35  O2 

H  C7  O2 

Arachidic,     ,  , 

H  C20  H39  O2 

Caprylic,   .    .  , 

H  Cg  His  O2 

Medullic,  .    .  . 

H  C21  H41  O2 

Pelargonic,    .  . 

H  C9  H17  O2 

Behenic,    .    .  , 

H  C22  IT43  O2 

Capric,      .    .  . 

H  Cio  H19  O2 

Lignoceric,     .  . 

H  C24  H47  O2 

Cocinic,     .    .  . 

H  Cii  H21  O2 

Geoceric,       .  . 

H  C26  H51  O2 

Laurie,      .    .  , 

H  C12  H23  O2 

Cerotic,     .    ,  . 

H  C27  H53  O2 

Tridecatoic,   .  . 

H  Ci3  H25  O2 

Melissic,    ,    ,  , 

H  C30  H59  O2 

Myristic,  .    .  . 

H  Ci4  H27  O2 
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Formic  and  acetic  acids  are  liquids  having  a  powerful  acid 
odour,  are  soluble  in  water,  and  can  be  distilled  without  change. 
The  next  few  members  of  the  series  are  liquids  more  or  less 
soluble  in  water,  and  can  be  distilled  without  change;  they  have 
a  slight  odour  of  rancid  fat,  and  are  known  as  the  soluble  fat 
acids,  being  present  in  such  fats  as  butter,  cocoa-nut  oil,  and 
palm-nut  oil,  and  are  occasionally  found  present  in  small  quan- 
tities in  fish  oils.  The  higher  members  of  the  series,  or  from 
capric  acid  upwards,  are  solids ;  they  are  insoluble  in  water,  and 
cannot,  as  a  rule,  be  distilled  without  being  decomposed. 

The  fatty  acids  are  soluble  in  alcohol,  ether,  turpentine  and 
similar  solvents;  they  are  monobasic  acids  combining  with  one 
equivalent  of  potassium  hydroxide  (caustic  potash)  or  sodium 
hydroxide  (caustic  soda)  to  form  soaps,  which  are  more  or  less 
soluble  in  water,  the  salts  of  the  lower  fatty  acids  being  freely 
soluble,  while  those  of  the  higher  acids  are  rather  difficultly 
soluble,  the  solubility  decreasing  with  the  complexity  of  the  fatty 
acids. 


2.  OLEIC  SERIES  OF  FATTY  ACIDS. 


Name. 


Acrylic, 
Crotonic,  . 
Angelic, 
Pyroterebic, 
Damaluric, 
Damolic,  . 
Moringic,  . 
Cimicic, 


Formula. 


H  C3  H3  O2 
H  C4  H5  O2 
H  C5  H7  O2 
H  Cq  H9  O2 
H  C7  Hji  O2 
H  Ci3  H23  O2 

H  Ci5  H27  O2 


Name. 

Formula. 

Physetoleic,  .    .  ) 
Hypogseic,     .    .  [ 
G^eidic,     .    .    .  ) 
Oleic,    .    .    .    .  \ 
Elaidic,     ...  J 
Doeglic,     .  . 
Brassic,     ,    .    .  } 
Erucic,  .    .    .    .  j 

H  C16  H29  O2 

H      H33  O2 
H  Ci9  H35  O2 
H  C22  II41  O2 

These  acids  are  very  characteristic  of  fats  and  oils ;  oleic  is  by 
far  the  commonest  of  all  fat  acids,  as  when  combined  with 
glyceryl  it  forms  olein,  the  fluid  constituent  of  almost  all  oils. 
The  lower  members  are  more  or  less  soluble  in  water  and  vola- 
tile by  heat  without  decomposition ;  the  higher  members  are 
insoluble,  and  are  decomposed  by  heat. 


S74:  PAINT  VEHICLES. 


3.  LINOLIC  SERIES  OF  FATTY  ACIDS. 


Name. 

Formula. 

H  C]  7  1129  ^2 
H  Ci8  H31  O2 

H  Cjs  H31  Og 
IT  C]8  H31  O2 

4.  LINOLENIC  SERIES  OF  FATTY  ACIDS. 

Name. 

Formula. 

H  C18  H29  Oo 
H  C18  H29  O2 
H  C18  H29  O2 

5.  RICINOLEIC  SERIES  OF  FATTY  ACIDS. 

Name. 

Formula. 

HC18H32OHO2 

HCsHssOHO^ 
H  Cig  H32  0  H  O2 

Linolic  and  linolenic  acids  are  characteristic  of  linseed  and 
other  drying  oils,  while  ricinoleic  acid,  which  has  properties 
very  different  from  other  acids,  is  found  only  in  castor  oil. 

Both  the  oleic  and  linolic  series  of  acids  are  monobasic, 
like  the  stearic  series,  and  combine  with  potash  and  soda  to 
form  soaps  which  are  rather  more  soluble  in  water  than  the 
soaps  made  from  the  stearic  acids. 

The  ricinoleic  series  of  acids  are  hydroxy  acids  containing 
one  hydroxyl  (O  H)  group  in  their  molecule,  their  constitution 
being  represented  by  the  formula — 

\      II32  0  H 
(COOH 
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They  are  monobasic  acids,  combining  with  one  equivalent 
(Na  O  H)  of  caustic  soda ;  they  differ  from  all  the  other  fatty 
acids  in  being  insoluble  in  petroleum  ether,  a  property  which 
extends  to  their  glycerides,  and  in  yielding  alkali  soaps  which 
are  more  freely  soluble  in  water  than  the  soaps  of  most  other 
fatty  acids. 

Glycerine,  the  sweet  spirit  of  oils,  is  a  water-white,  very 
viscid  liquid,  quite  odourless,  but  possessing  a  sweet,  though 
metallic,  sort  of  taste.  It  is  heavy,  having,  when  pure,  a  specific 
gravity  of  1*270.  When  heated  it  volatilises  with  difficulty, 
being  slightly  decomposed  during  the  o[)eration.  It  will  only 
burn  when  heated,  and  then  with  a  smoky  flame  having  a  small 
amount  of  luminosity. 

It  has  a  great  affinity  for  water,  with  which  it  mixes  in  all 
proportions,  and  which  it  absorbs  from  the  atmosphere  in  no 
small  proportions,  being  strongly  hygroscopic.  On  this  account 
glycerine  gradually  becomes  weaker  when  exposed  to  the  air. 
It  is  soluble  in  alcohol. 

Glycerine  is  a  compound  of  the  basic  organic  radicle  glyceryl 
(Co  H5),  with  three  equivalents  of  hydroxvl,  O  H,  and  has  the 

formula  C3      <  OH     It  possesses  alcoholic  properties,  and  is 

(oh 

capable  of  combining  with  acids  ;  with  monobasic  acids  it 
requires  three  equivalents  to  form  saturated  salts,  and  hence 
is  capable  of  forming  three  different  compounds  with  such  acids  j 
thus,  with  oleic  acid  it  forms — 

(OH  (OH 

Monolein,  C3  Hg  j  0  H  Diolein,  C3  H5  j  C18  H33  O2 

(       H33  O2  (  Cis  H  33  O2 

( H33  O2 
Triolein,  C3  Hg  jCsHgs  O2 
(  C18  H33  O2 

in  which  one,  two,  or  three  equivalents  of  hydroxyl  are  replaced 
by  one,  two,  or  three  equivalents  of  oleic  acid.  These  compounds 
can  be  formed  by  the  direct  union  of  oleic  acid  and  glycerine, 
and  it  is  of  interest  to  note  that  the  triolein  so  made  is  indis- 
tinguishable from  the  olein  which  is  present  in  oils. 

When  oils  are  boiled  with  solutions  of  caustic  soda  or  potash 
they  are  decomposed.  A  compound  of  alkali  and  fat  acid  is 
formed  while  glycerine  is  liberated.  This  reaction  is  shown  in 
the  following  equation  : — 
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(  Ci8  H31  O2  (HO 

C3  H5  I  C18  H31  O2  +  3  Na  0  H  =  3NaCi8  H31  O2  +  C3  Hg  ^  H  0 

(C18H31O2  (HO 

Linolein.  Sodium  Sodium  Glycerine. 

Hydroxide.  Linolate, 

This  reaction  is  known  as  saponification,  because  the  alkaline 
compound  obtained  forms  the  familiar  article,  soap. 

As  stated  above,  the  oils  are  divisible  into  two  groups — non- 
drying  and  drying  oils.  The  former  group  is  by  far  the  larger 
of  the  two,  but  the  oils  in  it  are  of  no  use  to  the  painter.  The 
latter  group,  which  is  the  one  which  will  be  dealt  with  in  this 
chapter,  is  small  in  number,  but  it  contains  oils  of  great  im- 
portance to  the  painter. 


THE   DRYING  OILS. 


There  are  but  few  oils,  compared  with  the  great  number 
known,  that  can  be  used  for  painting  on  account  of  their  pos- 
sessing the  essential  property  of  becoming  hard  or  drying  when 
exposed  to  the  air.  The  best  drying  oils  are  obtained  from 
t^egetable  sources,  although  one  or  two  are  obtained  from  animal 
sources.  The  following  list  includes  all  that  can  be  included 
within  this  group  : — 

Linseed  oil.  Hempseed  oil. 

Poppy  seed  oil.  Tobacco  seed  oil. 

Weld  seed  oiL  Walnut  oil. 

Firseed  oil.  Japanese  wood  oil. 

Menhaden  oil. 

A  few  other  oils,  such  as  niger  seed  oil,  cress  seed  oil,  grape 
seed  oil,  cotton  seed  oil,  possess  weak  drying  properties,  but 
these  are  of  much  too  weak  a  character  to  permit  of  their  being 
used  as  paint  oils.  Rosin  oil  is  also  offered  as  a  paint  oil,  but 
it  is  not  a  good  drying  oil ;  it  will  be  dealt  with  in  detail 
further  on. 

The  most  important  of  this  group  of  oils  is  linseed  oil,  which 
is  the  painter's  oil  par  excellence ;  the  others  are  only  used  in 
painting  on  a  comparatively  small  scale,  and  mostly  by  artists, 
not  because  they  are  any  better  drying  oils  than  linseed,  but 
because  they  have  a  paler  colour,  and,  therefore,  do  not  affect 
the  tints  of  the  colours  quite  so  much — a  matter  of  some  im- 
portance when  delicate  tints  have  to  be  painted.  For  house- 
decorating  purposes  no  other  oil  is  used,  because  no  other  is  so 
cheap  or  abundant. 


LINSEED  OIL. 
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IjINSEED  oil. — This  oil  is  obtained  from  linseed — i.e.,  the 
seeds  of  the  flax  plant,  Linum  usitatissimum — which  is  culti- 
vated both  for  its  seed  and  for  its  fibre,  which  latter  is  spun  and 
woven  into  linen.  Ireland,  England,  Holland,  Germany,  Russia, 
America,  Canada,  and  India  are  noted  for  the  cultivation  of  the 
flax  plant,  which  will  grow  anywhere  where  the  climate  is  not 
too  hot,  but  a  cold  or  temperate  climate  suits  the  plant  best. 

Linseed  is  a  small  seed  of  a  flat  oval  shape,  somewhat  pointed 
at  one  end ;  it  is  lustrous,  and  of  a  pale  brown  colour.  It  varies 
a  little  in  shape  and  colour,  according  to  the  locality  in  which 
it  is  grown,  and  an  expert  can  tell  by  inspection  without  much 
error  from  whence  a  particular  parcel  of  seed  has  come.  It  is 
exported  in  large  quantities  from  Riga,  Libau,  Taganrog,  and 
other  Russian  ports,  and  from  Calcutta  in  India.  Smaller  quan- 
tities come  from  other  places,  but  these  occupy  only  a  minor 
position  compared  with  the  seed  coming  from  the  places  named 
above.  Three  qualities  of  linseed  are  recognised  in  the  trade — • 
Baltic  seed,  which  comes  from  Riga  and  other  ports  on  the 
Baltic  coast  of  Russia,  and  is  the  seed  of  flax  grown  in  the  north 
of  Russia;  Black  Sea  seed,  coming  from  Libau,  Odessa,  and 
other  ports  on  the  Black  Sea,  and  which  is  the  seed  of  flax 
grown  in  Southern  Russia ;  and  East  India  seed,  which  is 
exported  from  Calcutta.  The  Baltic  seed  yields  the  best  and 
most  valuable  oil,  that  from  Black  Sea  seed  is  next  in  quality, 
while  East  India  seed  gives  oil  of  inferior  quality. 

The  oil  obtained  from  seed  grown  in  America,  Canada,  and 
other  places  is  mostly  used  locally,  and  very  little  finds  its  way 
to  the  English  market.  The  seed  imported  is  rarely  free  from 
other  seeds  such  as  those  of  hemp  and  rape. 

Extraction  of  Linseed  Oil. — The  oil  is  obtained  from 
linseed  and  other  seeds  by  a  process  of  pressing ;  but,  before 
being  pressed,  the  seeds  undergo  some  preliminary  treatment, 
with  the  object  of  facilitating  the  process  of  oil  extraction. 
Naturally  the  process  of  extracting  oil  has  undergone  many 
changes  during  the  last  fifty  years,  and  for  the  purpose  of  this 
work,  it  will  be  sufficient  if  the  modern  systems  only  are 
described  in  outline;  for  further  details,  the  companion  work  on 
Lubricating  Oils  in  this  series  of  text  books  may  be  consulted. 

Two  systems  of  oil  extraction  are  used — viz.,  the  English  and 
the  Anglo-American;  these  do  not  difier  very  much  from  one 
another. 

The  English  system  includes  five  operations: — 1st,  crushing; 
2nd,  grinding;  3rd,  heating;  4th,  pressing;  5th,  refining. 

Isty  Crushing. — Prior  to  this,  however,  the  seed  is  sifted 
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through  sieves,  with  the  object  of  separating  out  as  much  dirt 
and  foreign  seed  as  possible;  this  is  a  preparatory  operation, 
common  and  essential  to  all  systems  of  oil  pressing,  as  the 
presence  of  much  oil  from  other  seeds  is  apt  to  spoil  the  linseed 
oil.  As  the  majority  of  the  foreign  seeds  found  in  the  crude 
linseed  are  ratlier  smaller  than  linseed  itself,  nearly  all  are 
separable  by  using  sieves  of  a  certain  gauge  of  mesh. 


Fig.  64. — Oil  seed  crushing  mill. 


The  sifted  seed  is  now  passed  through  a  crushing  machine, 
which  consists  of  a  pair  of  heavy  wheels  placed  horizontally 
in  a  strong  frame  (Fig.  64).  One  of  these  wheels  is  4  feet  in 
diameter,  and  is  driven  by  the  one  to  which  power  is  applied; 
the  other  wheel,  one  foot  in  diameter,  is  generally  driven  by 
friction  from  the  larger  wheel,  but  in  some  makes  of  the  mills 
by  gearing  ;  by  means  of  a  system  of  screws  and  springs  in 
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connection  with  the  bearings  of  the  small  wheel,  a  regulated 
pressure  can  be  brought  to  bear  on  any  seed  which  passes 
between  the  two  wheels.  The  large  wheel  is  driven  at  about 
fifty-six  revolutions  per  minute.  A  hopper  placed  above  the 
wheels  supplies  the  seed  in  a  regular  manner,  which  is  crushed 
in  passing  between  the  wheels,  and  falls  into  the  receptacle 


Fig.  65.  —Oil  seed  crushing  mill. 


placed  underneath  the  machine  for  the  purpose  of  collecting  the 
crushed  seed.  Attached  to  each  wheel  is  a  scraper  for  keeping 
the  surface  of  the  wheel  free  from  crushed  seed. 

2nd,  Grinding, — From  the  crushing  machine  the  seed  passes  to 
the  grinding  mills,  which  are  of  the  edge-runner  type  (Fig.  65), 
and  consists  of  a  pair  of  large  stones,  about  7  feet  in  diameter, 
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and  16  inches  thick,  revolving  in  a  rather  flat-shaped  pan. 
The  stones  weigh  about  7  tons,  and  have  a  speed  of  about  17 
revolutions  per  minute.  In  this  mill,  the  seed  is  ground  for 
about  20  minutes,  a  little  water  being  usually  added.  After  it 
has  passed  through  the  edge-runner  mill,  the  seed  is  in  the  form 
of  a  fine  pasty  mass. 

3rdy  Heating, — ^After  being  ground  under  the  edge-runners,  the 
seed  is  placed  in  a  kettle,  a  cylindrical  vessel  made  of  copper, 
and  jacketted,  so  that  the  inner  portion  and  the  seed  it  contains 
can  be  heated;  agitators  worked  by  suitable  means  are  also 
provided  to  ensure  that  every  part  of  the  seed  is  heated.  In 
this  kettle  the  seed  is  kept  for  20  minutes  at  a  temperature 
of  about  150°  to  160°  F.  This  heating  of  the  seed  serves  two 
useful  objects;  it  liquefies  the  oil,  and  so  causes  it  to  flow  more 
freely  from  the  seed  while  being  pressed;  and  it  causes  the 
coagulation  of  the  albuminous  and  mucilaginous  matters 
contained  in  the  seed,  and  so  prevents  these  from  flowing  out  of 
the  seed  during  the  pressing. 

Ath,  Pressing, — The  hot  seed  from  the  kettle  is  placed  in 
woollen  bag«,  large  enough  to  hold  about  8  lbs.  of  seed;  these 
are  first  placed  in  horse-hair  cloths,  generally  known  as  "hairs"; 
and  then  between  the  press-plates  of  an  hydraulic  press,  where 
they  are  subjected  to  a  pressure  of  about  740  lbs.  on  the  square 
inch  for  20  minutes,  followed  by  a  pressure  of  about  2  tons  for  7 
minutes;  during  the  whole  period,  oil  flows  out  from  the  seed 
and  into  suitable  vessels  which  have  been  placed  ready  to 
receive  it. 

An  hydraulic  oil  press  is  shown  on  p.  384.  In  all  modern 
oil  pressing  plants  this  mode  of  pressing  is  adopted  as  being  the 
most  convenient,  the  easiest  to  work,  and  yielding  a  large  pro- 
portion of  the  oil  actually  present  in  the  seed.  Formerly  a 
"  stamper  ^'  press  was  in  use,  in  this  the  bags  of  seed  were 
placed  between  two  plates,  against  which  a  wedge  was  forced 
by  the  falling  of  a  wooden  stamper  on  it;  at  every  blow  the 
two  plates  were  forced  closer  together  and  the  seed  thereby 
subjected  to  pressure  which  forced  the  oil  out.  This  form  of 
press,  however,  did  not  give  a  good  yield  of  oil  from  the  seed, 
while  the  output  was  but  small.  Screw  presses  have  been 
made,  but  have  not  proved  a  success,  the  screw  being  rapidly 
worn  out  by  the  great  pressure  which  has  to  be  exerted,  while 
the  yield  of  oil  is  not  large.  It  is  notable  that  the  oil  always 
flows  from  the  edge  of  the  cake,  not  from  its  sides. 

The  linseed  oil  as  it  comes  from  the  press  contains  the  follow- 
ing constituents : — 


EXTRACTION  OF  LINSEED  OIL. 


381 


1.  The  glyceride,  or  glycerides,  of  the  characteristic  fatty  acids. 

2.  Water. 

3.  Mucilage. 

4.  A  minute  quantity  of  an  essential  oil  of  unknown  composi- 
tion. 

5.  Colouring  matters  of  the  chlorophyll  group,  which  are 
present  in  small  quantities  only,  but  whose  tinctorial  power  is 
very  great.  These  colouring  matters  (which  are  also  to  be  met 
with  in  other  oils)  are  xanthophyll ;  yellow  chlorophyll ;  blue 
chlorophyll ;  and  erythrophyll,  which  is  red.  Brown  linseed 
oil  contains  the  red,  blue,  and  yellow  chlorophylls,  while  the 
greenish-brown  oils  contain  the  same  bodies  with  a  rather 
smaller  proportion  of  the  red.  Yellow  oils  contain  principally 
xanthophyll.  These  colouring  matters  have  the  property  of 
forming  salts  with  metallic  oxides  of  a  rather  stable  character. 

Of  these  five  classes  of  bodies  present  in  unrefined  raw  linseed 
oil,  only  the  glycerides  are  of  value,  the  rest  are  removed,  more 
or  less  completely  by  subjecting  the  oil  to  a  refining  process  as 
described  below. 

In  refining  the  oil  no  attempt  is  usually  made  to  remove  the 
whole  of  the  colouring  principles  above  mentioned,  inasmuch  as 
to  do  so  is  for  the  bulk  of  the  purposes  to  which  the  oil  is  applied 
wholly  unnecessary,  while  their  removal  would  add  to  the  cost  of 
refining  to  too  great  an  extent.  Their  presence  has  no  injurious 
efiect  on  the  drying  properties  of  the  oil.  It  is  not  desirable  to 
refine  an  oil  to  any  greater  extent  than  is  absolutely  required  for 
the  purpose  for  which  it  is  to  be  employed. 

5^A,  Refining, — The  oil  as  it  flows  from  the  press  is  far  from 
being  pure  and  bright;  to  ensure  these  qualities  it  undergoes  a 
process  of  refining,  the  details  of  which  vary  in  difierent  works. 
First,  it  is  usually  placed  in  large  tanks  and  heated  by  means  of 
a  steam  coil  to  about  160°  or  170'  F.;  this  makes  the  oil  more 
fluid,  and  causes  the  coagulation  of  any  albumen  which  may 
have  passed  out  of  the  seed;  it  is  allowed  to  stand  for  some  time, 
until  all  the  solid  impurities  have  settled,  leaving  the  oil  fairly 
bright;  occasionally  it  is  sold  in  this  condition,  but  generally  it 
is  subjected  to  a  further  treatment,  which  consists  in  mixing  it 
with  3  per  cent  of  sulphuric  acid,  previously  mixed  with  an 
equal  quantity  of  water;  the  two  bodies  are  thoroughly  mixed 
together  and  then  allowed  to  stand  for  24  hours,  when  the  acid 
will  have  settled  to  the  bottom,  leaving  the  oil  at  the  top ;  the 
acid  layer  is  run  ofi*,  and  the  oil  washed  free  from  any  traces  of 
acid  by  means  of  warm  water;  it  is  then  ready  for  use.  The 
sulphuric  acid  has  the  property  of  acting  upon  any  albuminous 
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or  mucilaginous  matter  contained  in  the  oil,  charring  and  dis- 
solving it,  thus  carrying  it  out  of  the  oil,  leaving  the  latter 
in  a  purer  condition,  and  by  removal  of  bodies  which  are  prone 
to  decomposition,  rendering  the  oil  less  liable  to  grow  rancid; 
the  water  in  the  crude  oil  is  also  removed  by  the  acid ;  while 
in  other  respects  its  properties  are  materially  improved.  The 
oil  as  thus  made  is  sold  as  "  Kaw  Linseed  Oil." 

The  Anglo-American  system  is  comparatively  of  recent  intro- 
duction, but  already  it  is  most  extensively  adopted  and  will  in 
all  large  oil  mills  be  used  exclusively.  Like  the  English  system 
it  includes  five  operations,  some  of  which  resemble  those  of  the 
system  just  described,  while  others  are  difierent: — 1st,  crushing; 
2nd,  heating  ;  3rd,  moulding  ;  4th,  pressing  ;  and  5th,  refining. 

1st  J  Crushing. — This  operation  is  done  by  means  of  a  crushing 


Fig.  66. — Oil  seed  crushing  rolh. 


mill,  shown  in  Fig.  66,  which  consists  of  a  number  (usually  five) 
of  chilled  iron  rolls  placed  one  above  another  in  a  strong  iron 
frame  ;  the  size  of  the  rolls  varies  according  to  the  required  capa- 
city of  the  machine,  but  a  usual  size  is  two  feet  six  inches  long, 
and  one  foot  in  diameter.  The  seed  is  fed  by  means  of  a  hopper 
between  the  first  and  second  rolls,  and  passing  between  the  nip 
of  these  receives  a  first  crushing ;  then,  passing  round  the  second 
roll  and  between  the  second  and  third  rolls,  it  receives  a 
second  crushing  as  it  passes  through  the  nip  of  these  rolls  ;  the 
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crushing  weight  now  exerted  on  it  is  greater  than  at  first,  the 
weight  of  the  first  roll  in  the  first  crushing  being  augmented 
by  that  of  the  second  roll  in  t'he  second  crushing.  As  some 
of  the  crushed  seed  may  adhere  in  the  form  of  a  cake  on  the 
surface  of  the  rolls  scrapers  are  provided  to  scrape  any  such 
seed  off  the  rolls  and  guide  it  through  the  various  nips.  In  the 
same  way  as  it  has  passed  through  the  first,  second,  and  third 
rolls,  the  seed  passes  through  between  the  nips  of  the  other 
rolls,  being  further  crushed  in  so  doing,  the  weight  to  which  it 
is  subjected  increasing  as  it  passes  through  the  various  nips  ;  in 
a  roll  machine  having  rolls  of  the  size  given  above,  each  roil  will 
weigh  about  IJ  tons,  so  that  if  there  are  five  rolls,  the  final 
pressure  on  the  seed  will  be  from  5J  to  6  tons.  The  seed  is 
crushed  by  such  a  set  of  rolls  in  a  very  perfect  manner,  much 
better  than  in  the  older  system  of  a  pair  of  rolls  and  an  edge- 
runner  grinding  mill,  and  less  labour  is  required. 

2nd,  Heating. — From  the 
crushing  mills  the  seed 
passes  to  the  kettle,  the 
construction  of  which  is 
shown  in  Fig.  67;  here  the 
seed  is  heated  to  a  tem- 
perature of  170°  F.  for  20 
minutes.  Steam  is  sent 
into  the  interior  of  the 
kettle  to  moisten  the  seed 
and  to  improve  its  con- 
dition for  yielding  oil  dur- 
ing the  pressing. 

Zrd,  Moulding.  —  From 
the  bottom  of  the  kettle 
the  hot  seed  is  passed  into 
a  measuring  box  holding 
some  18  lbs.  of  the  crushed 
seed  ;  thence  it  passes  to 
the  table  of  a  moulding 
machine,  Fig.  67  where  it 
is  moulded  into  a  cake  of 
a  certain  size  depending 
upon  the  size  of  the  press  plates,  but  usually  having  a  thickness 
of  1^  inch,  the  machine  exerting  a  small  amount  of  pressure  to 
bring  the  mass  of  meal  to  this  thickness.  The  surplus  seed  is 
returned  to  the  kettle  or  the  crushing  rolls  to  be  passed  through 
with  fresh  seed. 
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ith,  Pressing. — After  leaving  the  moulding  machines,  the 
cakes  of  meal  are  placed  between  two  corrugated  iron  plates 
hinged  together  like  the  backs  of  a  book.  In  the  Anglo- 
American  process  the  use  of  hairs  and  cloths  are  dispensed  with, 
thus  effecting  no  little  economy  in  the  process  of  oil  extraction, 

for  the  hairs  and  cloths 
were  an  expensive  item  in 
the  older  processes,  as  fre- 
quent renewals  were  re- 
quired. The  press  plates, 
besides  being  corrugated, 
are  often  marked  with 
various  letters  and  other 
marks,  which,  being  im- 
pressed upon  the  cakes  ot 
meal,  serve  to  show  what 
firm  pressed  the  oil  cake. 
A  number  of  the  press 
plates  and  their  contents 
are  placed  in  the  hydraulic 
press  and  subjected  to  a 
pressure  of  from  |  to  1  ton 
on  the  square  inch,  for 
from  20  to  25  minutes, 
during  which  time  most  of 
the  oil  comes  from  the  seed. 
It  is  a  matter  worth  noting 
that  the  oil  passes  out  from 
the  seed  cake  along  the 
edges  and  never  from  the 
sides  of  the  cake.  After 
being  subjected  to  a  pres- 
sure of  about  a  ton  for  25 
minutes,  the  pressure  is  in 
many  works  increased  to 
about  2  tons,  at  which  it 
remains  for  5  to  7  minutes, 
then,  when  all  the  oil  has 
flowed  out  of  the  seed,  the 
pressure  is  taken  off,  the  press  plates  removed  from  the  press  and 
the  oil-cakes  taken  out ;  these  are  sold  for  feeding  cattle,  for 
which  purpose  they  are  of  great  value.  The  oil  flows  into  tanks, 
from  which  it  is  pumped  into  large  storage  tanks,  where  it  is 
stored  until  required  for  further  treatment.    It  is  interesting 


Fig.  68.  —Hydraulic  oil  press. 
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to  note  that  an  intermittent  pressure,  such  as  is  given  by  the 
old  stamper  press  and  in  the  modern  forms  of  hydraulic  oil 
presses,  gives  far  better  results  than  a  steady  uniform  pressure. 

Fig.  68  represents  the  form  of  hydraulic  press  made  by 
Messrs.  Rose,  Downs  &  Thompson,  Hull,  to  whom  we  are 
indebted  for  the  various  illustrations  of  the  crushing  of  linseed. 

5th,  Refining, — This  is  done  in  exactly  the  same  way  as  in 
the  English  system,  which  see. 

Properties  and.  Composition  of  Linseed  Oil. — Linseed  oil 
is  sold  in  two  forms,  known  as  "  raw  "  and  boiled  "  linseed 
oil ;  some  text-books  speak  of  a  third  form  called  refined 
linseed  oil,**  but  the  author  considers  this  to  be  only  a  variety 
of  the  raw  oil.  Linseed  oil  as  it  comes  from  the  press  is  rather 
turbid,  of  a  dark  colour,  and  contains  some  albuminous  and 
mucilaginous  matter.  Before  it  is  fit  for  use  as  a  paint  oil 
these  must  be  removed,  which  is  done  by  the  methods  detailed 
above;  then  it  forms  the  '^raw  linseed  oil "  of  commerce.  The 
*^  refined  "  linseed  oil  is  mostly  prepared  for  artists'  use,  and  is 
obtained  from  the  raw  oil  in  various  ways. 

In  some  cases  the  oil  is  allowed  to  stand  for  some  months  to 
settle,  and  then  the  clear  top  oil  is  exposed  in  closed  glass  vessels 
to  sunlight  to  bleach  it.  Sometimes  a  small  quantity  of  litharge 
or  acetate  of  lead  is  mixed  with  the  oil,  and  then,  after  standing 
some  time,  the  oil,  which  is  clear,  is  run  ofi"  and  bleached  as 
before  ;  in  other  cases  metallic  lead  is  placed  in  the  oil  and  left 
in  contact  with  it  for  months  ;  the  lead  seems  to  exert  a  kind 
of  bleaching  action,  and  at  the  same  time  causes  the  albuminous 
matter  in  the  oil  to  settle  out. 

It  may  be  laid  down  as  a  principle  in  treating  oils  that  the 
simplest  plan  is  always  the  best ;  in  any  case  the  use  of  too  much 
chemical  action  should  be  avoided. 

Raw  linseed  oil  is  a  yellowish  oil,  having  a  brown  hue,  and 
possesses  a  characteristic  odour  and  taste  unlike  those  of  any 
other  oil.  It  is  perfectly  clear  and  limpid  at  all  ordinary 
temperatures,  but  when  subjected  to  moderate  cold  it  thickens 
slightly,  and  solidifies  at  a  temperature  below — 27°  0.  The  vis- 
cosity of  linseed  oil  measured  in  Hurst's  standard  viscosimeter  at 
70°  F.  is  for  the  three  principal  varieties  : — 


The  specific  gravity  of  linseed  oil  at  60°  F.  (15° -5  0.)  averages 
0'935,  but  ranges  from  0-932  to  0-937  ;  Baltic  oil  is  usually  the 
heaviest.    A  sample  of  Baltic  oil  examined  by  the  author  had  a 


Baltic  oil,  . 
Black  Sea  oil, 
East  India  oil, 


105 
108 
112 


25 
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specific  gravity  of  0'9378,  a  sample  of  Black  Sea  oil  a  specific 
gravity  of  0*9326,  while  a  sample  of  East  Indian  oil  had  a  specific 
gravity  of  0-9339.  At  212°  F.  (100°  0.)  linseed  oil  usually  has  a 
specific  gravity  of  0*8801. 

Linseed  oil  is  soluble  in  about  40  times  its  volume  of  alcohol 
at  ordinary  temperatures,  and  5  times  its  volume  at  the  boiling 
point.  It  readily  dissolves  in  ether,  petroleum  spirit,  shale 
naphtha,  turpentine,  chloroform,  and  similar  solvents. 

Sulphuric  acid  has  a  strong  action  on  linseed  oil,  causing  it  to 
become  thick  and  of  a  dark  colour  ;  large  quantities  of  sulphur 
dioxide  are  evolved,  while  the  temperature  of  the  mixture  is  con- 
siderably increased,  the  amount  varying  somewhat  in  different 
kinds  of  linseed  oil.  Thus,  with  Baltic  linseed  oil  the  author 
obtained  an  increase  of  120°  0.,  with  Black  Sea  oil  an  increase  of 
114°  C,  and  with  East  India  oil  an  increase  of  106°  0. 

The  action  of  nitric  acid  varies  with  the  strength  of  the  acid  ; 
a  moderately  strong  acid  converts  linseed  oil  into  a  viscid 
yellowish  mass,  which  is  insoluble,  or  nearly  so,  in  petroleum 
spirit  or  benzol ;  while  strong,  fuming  nitric  acid  often  causes 
linseed  oil  to  take  fire.  Nitrous  acid  does  not  give  a  solid  elaidin 
with  linseed  oil. 

In  glacial  acetic  acid  it  is  readily  soluble  on  warming,  while 
the  turbidity  temperature  ranges  from  36°  0.  to  47°  0.*  according 
to  the  quality  of  the  oil  and  the  strength  of  the  acetic  acid. 

Linseed  oil  combines  very  readily  with  bromine  and  iodine, 
absorbing  a  larger  proportion  of  these  bodies  than  any  other  oil ; 
there  are  slight  differences  between  the  various  kinds  of  linseed 
oil  in  the  quantities  of  iodine  and  bromine  that  they  will  com- 
bine with,  but  it  may  be  laid  down  as  a  rule  that  the  better  the 
quality  of  the  oil,  the  more  iodine  or  bromine  will  it  absorb.  Of 
iodine  the  average  amount  taken  up  is  156  percent,  of  the  weight 
of  the  oil,  while  of  bromine  the  average  is  98  per  cent.  That  is 
100  parts  of  linseed  oil  will  combine  with  156  parts  of  iodine  or 
with  98  parts  of  bromine. 

The  property  which  gives  linseed  oil  its  special  value  as  a 
paint  oil  is  that  when  exposed  to  the  air  it  gradually  becomes 
hard,  "dries  up,"  in  doing  which  it  takes  up  from  the  atmosphere 
a  large  proportion  of  oxygen,  forming  a  new  compound  of  a  resi- 
nous character,  the  properties  of  which  have  never  been  fully 
investigated.  In  this  power  of  combining  with  oxygen,  linseed 
is  distinguished  very  markedly  from  other  oils,  which  have  little 
or  no  power  of  combining  with  oxygen.    W.  Foxf  gives  the 

*  Hurst.  On  Valenta's  test  for  oils.  Journ.  Soc,  Chem.  Ind,,  Jan.,  18S7. 
t  Oil  and  Colourman*s  Journal,  1884,  p  234. 
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following  as  the  number  of  cubic  centimeters  of  oxygeu  absorbed 
hy  1  gramme  of  various  oils  ; — 


Baltic  linseed  oil,   191 

Black  Sea  linseed  oil,   186 

East  Indian  Calcutta  oil,  .....  126 

East  Indian  Bombay  oil,   130 

American  linseed  oil,.       .....  156 

Brown  rape  oil,  .......  20 

Colza  oil,   .       -       .       ,       .       .       .       .  17'6 

Cotton  seed  oil,   24  6 

Olive  oil,   8-2 


Evidently,  the  quality  of  linseed  oil  depends  very  much  upon 
its  oxygen-alDsorbing  powers  ;  thus,  Baltic  oil,  which  dries  better 
than  any  other  variety  of  linseed  oil,  takes  up  more  oxygen  than 
Black  Sea  or  East  Indian,  which  latter  takes  up  the  least,  and  is 
the  worst  variety  of  linseed  oil  known.  American  linseed  oil  is 
not  equal  to  Black  Sea  oil  in  its  drying  properties,  but  it  is  much 
better  than  East  Indian,  owing,  as  is  clear,  to  its  greater  absorb- 
ing power  for  oxygen. 

Livache  has  noted  the  increase  in  weight  which  various  oils 
mixed  with  finely  precipitated  metallic  lead  undergo  when 
exposed  to  the  atmosphere,  his  results  being  given  in  the 
following  table  : — 


Increase  in  Weight. 

Increase  in 
Weight  of  the 
Fatty  Acids 
Exposed  to  Air 
for  Eight 
Months. 

Oils  in  Contact  with  Lead. 

After 
Two  Days. 

After 
Seven  days. 

Linseed,  .... 

Per  cent. 
14-3 

Per  cent. 

Per  cent. 
11-0 

Walnut,  .... 

7-9 

6  0 

Poppy,  .... 

6-8 

3-7 

Cotton  seed,        .  , 

5-9 

0-8 

Beech  nut,  .       .       •  , 

4-3 

2-6 

Colza,  .       .       .       .  . 

2-9 

2-6 

Sesam^,  .... 

2*4 

2  0 

Earth  nut,  .... 

1-8 

1-3 

Ilape,  

2-9 

0-9 

Olive,  

1-7 

07 
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Raw  linseed  oil  when  exposed  in  the  form  of  a  thin  film  to  the 
air,  as  it  would  be  in  painting,  takes  about  two  days  to  become 
thoroughly  dry  and  hard  ;  the  coat  left  is  firm  and  elastic,  but 
has  not  much  lustre  or  gloss. 

When  linseed  oil  is  heated  with  caustic  soda  or  caustic  potash, 
it  undergoes  saponification,  the  amount  of  alkali  required  being 
from  13*4  to  14  per  cent,  of  caustic  soda,  and  18*7  to  19*5  per 
cent,  of  caustic  potash,  while  about  9*4  to  10  per  cent,  of  glycer- 
ine is  liberated.  When  the  soaps  so  produced  are  treated  with 
dilute  sulphuric  acid  they  are  decomposed,  and  the  fatty  acids  of 
the  linseed  oil  are  liberated.  These  acids  have  a  specific  gravity 
of  from  0-924  to  0*927  at  15°  0.,  and  from  0-861  to  0-864  at 
100°  0.  They  are  solid  acids,  melting  at  22°  to  25°  C,  and  solidi- 
fying at  from  20°  to  18°  0.,  are  insoluble  in  water,  but  readily 
soluble  in  alcohol,  glacial  acetic  acid,  ether  and  other  similar 
solvents.  Their  combining  equivalent  is  about  306,  which  points 
to  the  presence  of  acids  of  complex  composition.  To  these  acids 
the  name  of  linoleic  acid  is  given. 

Although  the  composition  of  linoleic  acid  (the  characteristic 
acids  of  linseed  oil)  was  given  as  CjgH2802,  recent  researches 
have  thrown  some  doubt  on  the  correctness  of  this  formula.  It 
may  be  pointed  out  that  the  combining  equivalent  of  the  fatty 
acids  is  306,  that  is  more  than  is  indicated  by  an  acid  having  16 
atoms  of  carbon  in  its  molecule.  Allen  has  considered  linseed 
oil  to  contain  an  acid  which  has  18  atoms  of  carbon;  he  has 
named  it  homolinoleic  acid,  but  gives  no  further  details.  If  linoleic 
acid  contains  16  atoms  of  carbon,  it  is  isologous  with  palmitic 
acid,  and  should  on  being  hydrogenised,  that  is,  being  acted  upon 
in  such  a  manner  that  it  takes  up  hydrogen,  yield  palmitic  acid; 
while,  as  a  matter  of  fact,  it  forms  stearic  acid,  which  is  an  acid 
containing  18  atoms  of  carbon.  Then  again  linoleic  acid  when 
subjected  to  the  action  of  alkaline  permanganate  of  potash  yields 
sativic  acid,  which  is  an  hydroxy  acid  having  the  composition 
shown  by  the  formula  C^g  Hgg  Og  (H  O)^.  According  to  more 
recent  researches  made  by  Hazura  linseed  oil  contains  two  acids. 

One  is  named  linolic  acid,  and  has  the  composition  C^gUggOg, 
and  has  been  found  in  walnut,  poppy,  hemp,  and  sunflower  oils. 
It  is  a  tetrolic  acid,  being  capable  of  combining  with  4  atoms 
of  bromine.  This  acid  yields  sativic  acid  on  oxidation  with 
alkaline  permanganate  of  potash.  The  other  acid  has  received 
the  name  of  linolenic  acid,  has  the  composition  C^gH3o02,  and  be- 
longs to  a  series  of  acids  having  the  general  formula  il^n  -  a 
a  series  not  hitherto  described.  This  acid  has  a  high  iodine 
value  245,  as  might  be  expected  from  its  being  capable  of  com- 
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bining  with  6  atoms  of  iodine,  or  the  same  number  of  atoms 
of  bromine. 

Reformatsky  has,  however,  found  that  linseed  oil  acid  only 
yields  sativic  acid  and  not  a  hexahydroxy  acid  in  addition  as  it 
ought  to  do  if  it  contains  linolenic  acid  as  Hazura  states. 

It  is  by  no  means  easy  to  make  a  satisfactory  examination  of 
linseed  oil  with  a  view  to  determine  its  chemical  composition, 
for  tlie  reason  that  the  acids  are  somewhat  prone  to  become 
oxidised  by  exposure  to  the  air,  and  that  cannot  quite  be 
avoided.  It  is  of  interest  to  note  that  the  linoleic  acid  which 
can  be  obtained  from  linseed  oil  by  saponification  with  an 
alkali  and  subsequent  treatment  with  an  acid,  have  not  the 
same  drying  power  as  is  possessed  by  the  oil  itself:  this  is 
shown  to  some  extent  by  the  table  on  p.  387  where  the  acids 
are  given  as  absorbing,  even  after  more  prolonged  exposure, 
less  oxygen  than  the  oil.  This  property  is  also  possessed  by  the 
acids  from  other  oils.  Evidently  the  glycerine  must  play  a  part 
in  the  drying  of  oil. 

BOILED  LINSEED  OIL. — The  property  which  gives  linseed 
oil  its  peculiar  value  to  the  painter  is  that  it  absorbs  oxygen  from 
the  atmosphere  when  it  is  exposed  in  thin  films  or  even  in  large 
masses,  thereby  forming  the  body  known  as  oxy linoleic  acid;  this 
is  capable  of  further  oxidation  to  a  body  known  as  linoxyn,  which 
has  a  composition  indicated  by  the  formula  0^2^5fiiv 
some  valuable  properties,  being  quite  neutral  in  its  reactions, 
more  or  less  transparent,  and  somewhat  elastic.  It  is  quite 
insoluble  in  water,  alcohol,  or  ether,  but  is  slightly  soluble  in 
chloroform.  By  long  boiling  with  caustic  potash  it  is  saponified, 
forming  a  red  soap.  This  body  is  the  final  oxidation  product  of 
linseed  oil  when  exposed  to  the  air.  Oxidised  oil  can,  by  means 
of  solvents,  be  separated  into  two  products  ;  one  is  insoluble,  and 
the  other  is  soluble.  The  insoluble  body  is,  when  freshly  pre- 
pared, colourless,  transparent,  and  gelatinous;  when  dried  it 
becomes  a  friable  yet  elastic  solid.  The  soluble  compound 
forms  a  coloured  sticky  mass  resembling  indiarubber,  and  for 
which  it  might  act  as  a  substitute.  This  property  of  absorbing- 
oxygen  is  increased  by  heating  the  oil  to  a  temperature  of  400*^ 
or  500°  F.  for  a  few  hours  ;  it  is  still  further  increased  by 
adding  to  the  oil  while  it  is  being  heated  certain  bodies  which 
are  known  as  "driers''  (see  p.  432).  Oil  which  has  thus  been 
heated  is  known  as  boiled  oil,  because  it  is  usually  heated  in 
large  boilers. 

Boiling  Linseed  Oil. — The  boiling  of  linseed  oil  is  done  in 
several  ways ;  1st,  by  fire  heat ;  2nd,  by  steam. 
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Fire  boiling  of  Linseed  Oil, — The  most  usual  or  common  method 
of  boiling  linseed  oil  is  by  means  of  fire  in  ordinary  shaped  boilers 
of  capacities  varying  from  100  to  GOO  gallons.  In  shape  these 
boilers  are  similar  to  those  used  in  laundries,  Fig.  69,  A.  One 
fault  of  these  boilers  is  that  they  do  not  last  very  long,  owing  to 
the  oil,  or  the  acid  in  the  oil, 
attacking  and  corroding  the 
boiler.  This  action  is  most 
energetic  at  the  bottom  where 
the  flame  impinges,  and  is  a 
very  serious  matter  for  those 
who  use  large  and  expensive 
boilers.  An  attempt  was 
made  to  remedy  this  evil  by 
making  the  bottom  of  the 
boiler  thicker  than  the  rest 
as  in  Fig.  69,  B;  but  these 
did  not  last  any  longer,  while 
a  special  evil  was  introduced, 
owing  to  the  thick  metal  re- 
taining the  heat  so  long  that 
simple  withdrawal  of  the  fire 
did  not  prevent  the  oil  boiling 
over,  as  it  does  in  the  case  of 
the  thin-bottomed  boilers.  In 
all  large  oil  boiling  works,  the 
boilers  are  made  of  wrought- 
iron  boiler-plate  of  the  form 
shown  in  Fig  69,  C;  in  this 
form  the  boiler  is  made  of  a 
uniform  thickness  of  plate, 
and  the  bottom,  which  is 
made  separately,  is  rivetted  to 
the  sides.  As  the  corroding 
action  is  confined  to  the  bottom 
and  to  the  rivets,  these  can 
easily  be  replaced  when  re- 
quired; so  that  these  boilers 
will  last  longer  than  the  other 
forms.  The  boilers  are  set  in  the  furnace  in  the  usual  way. 
It  is  best,  however,  in  all  cases,  to  set  the  furnaces  against 
the  wall  of  the  boiling  shed,  and  to  place  the  fireplaces  for 
feeding  the  furnaces  outside  the  shed,  so  that,  should  the  oil 
boil  over  during  the  process,  there  is  less  risk  of  a  conflagration 
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from  the  oil  finding  its  way  into  the  fire.  The  fumes  from  the 
boiling  oil  should  not  be  allowed  to  inconvenience  the  workmen, 
but  should  be  conveyed  to  a  hood  placed  over  the  boiler  and 
connected  with  the  chimney  of  the  works. 

The  boilers  should  be  about  one  third  Larger  than  the  quantity 
of  oil  which  they  are  to  boil,  so  as  to  allow  room  for  expa,nsion  of 
the  oil,  and  for  any  frothing  or  effervescence  of  the  oil  which  may 
take  place. 

The  process  of  oil  boiling  is  comparatively  simple  in  principle, 
yet  some  difficulties  crop  up  now  and  again  in  practice ;  some  of 
these  are  due  to  the  quality  of  the  oil,  others  are  due  to  various 
obscure  causes. 

The  oil  is  placed  in  the  boiler,  which  should  never  be  more 
than  two-thirds  full,  and  the  fire  lighted.  While  the  temperature 
of  the  oil  is  rising,  the  fluid  should  be  closely  watched  as  it  is 
then  that  effervescence  is  likely  to  take  place,  and  the  oil  to  boil 
over  with  possibly  disastrous  results.  Should  there  be  any  sign 
of  the  oil  boiling  over  to  too  great  an  extent,  then  the  fires  should 
be  withdrawn,  and,  by  beating  the  oil,  or  ladling  it  out  into  an- 
other boiler,  efforts  should  be  made  to  keep  down  the  effervescence. 
Much  of  this  is  due  to  the  presence  of  small  quantities  of  water 
and  mucilaginous  matter  in  the  oil,  and  it  more  often  occurs  with 
fresh  pressed  oil  than  with  oil  which  has  been  kept  for  some  time 
after  pressing,  and  from  which,  therefore,  the  water  and  mucilagi- 
nous matter  have  had  a  chance  to  settle  out.  After  some  time, 
dependent  upon  the  quantity  of  oil  being  treated,  and  the  size 
of  the  fire,  the  oil  begins  to  enter  into  quiet  ebullition ;  this  is 
said  to  be  the  boiling  of  the  oil ;  it  occurs  usually  at  a  tempera- 
ture of  about  500°  F.  The  heating  of  the  oil  to  this  temperature 
should  not  be  too  rapid,  so  as  to  give  the  oil  every  chance  of 
becoming  oxidised,  and  it  should  not  take  less  than  two  hours  ; 
a  longer  time  is  preferable.  When  the  oil  has  reached  the  boil, 
or  better,  after  it  has  been  boiling  for  about  half  an  hour,  a 
small  quantity  of  driers  is  added ;  other  additions  are  made  at 
short  intervals  during  a  period  of  three  hours.  The  total  amount 
of  driers  added  varies  a  little  in  different  works,  but  it  averages 
about  5  lbs.  to  1  ton  of  oil.  After  all  the  driers  have  been 
added,  the  oil  is  boiled  for  one  hour  longer ;  then  the  fire  is 
drawn  and  the  oil  allowed  to  stand  over  night  to  cool  and  settle. 
The  clear  oil  at  the  top  is  sent  into  the  warehouse,  and  sold  as 
"boiled  oil,"  while  the  turbid  oil  at  the  bottom  is  known  as 
boiled  oil  foots,  and  is  used  in  making  putty  or  putting  into  cheap 
ready  mixed  paints.  It  is  not  advisable  to  add  the  whole  of  the 
driers,  small  as  it  is  in  proportion  to  the  oil,  to  the  latter  all  at 
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once,  as  the  action  between  the  two  might  become  too  great,  and 
the  oil  enter  into  rather  violent  ebullition,  which  could  not  be 
controlled  readily ;  by  adding  in  small  quantities  at  a  time  the 
action  between  the  driers  and  the  oil  is  less  energetic  and  the 
boiling  more  under  control;  besides  that,  the  combination  between 
the  driers  and  the  oil  is  more  complete. 

During  the  process  of  boiling  oil,  the  latter  undergoes  some 
decomposition.  Water  is  continually  being  given  off,  while  large 
[quantities  of  acrolein,  C3  0,  a  derivative  of  glycerine,  which 
has  a  powerful  action  on  the  lachrymal  glands  of  the  eyes,  acetic 
acid,  formic  acid,  and  other  acids  are  also  given  off.  As  these 
products  are  somewhat  obnoxious  to  the  workmen,  they  should 
be  conveyed  by  means  of  a  collecting  hood  into  the  chimney  of 
the  works.  The  oil  acquires  a  dark  red  colour,  due  to  the 
presence  of  some  of  the  products  of  the  decomposition  of  the  oil, 
although  much  depends  upon  the  temperature  at  which  the 
boiling  is  done.  If  this  is  kept  below  400°  F.,  a  comparatively 
jale  coloured  oil  can  be  produced;  but  if  allowed  to  get  over 
500°  F.,  then  a  dark  coloured  oil  is  sure  to  result.  The  demand 
is  now  for  a  pale  oil,  so  that  in  boiling  it  is  desirable  to  keep 
the  temperature  down  as  low  as  possible.  The  quantity  and 
nature  of  the  driers  used  have  some  influence  on  the  colour  of 
the  oil.  Manganese  produces  a  darker  oil  than  any  other  drier; 
next  to  this  is  red  lead  and  litharge.  The  acetates  of  lead  and 
manganese,  and  the  oxalate  of  the  latter  metal,  produce  the 
palest  oils. 

It  will  be  found  best  to  give  an  hour's  extra  boil  at  a  low 
temperature,  say  from  400°  to  450°  F.,  rather  than  to  heat  the 
oil  to  500°  F.  and  over,  when  darkening  is  sure  to  occur. 

What  the  character  of  the  action  is  which  goes  on  during  the 
process  of  boiling  linseed  oil  is  somewhat  uncertain.  That 
oxidation  occurs  is  certain,  but  that  is  all  that  is  definitely 
known;  probably  linoxyn,  which  may  be  regarded  as  the  resin 
of  linseed  oil,  is  formed  to  some  extent.  Then,  when  driers  are 
used,  there  is  formed  a  combination  of  linoleic  acid  with  the 
base  of  the  driers,  which,  dissolving  in  the  rest  of  the  oil,  forms 
a  kind  of  varnish,  to  which  action  some  of  the  gloss  of  boiled  oil 
is  due. 

The  function  of  driers  in  oil  boiling  is  undoubtedly  twofold. 
First,  they  act  by  increasing  the  oxidation  of  the  oil,  not  by 
yielding  up  oxygen  directly  to  the  oil,  because  they  are  added 
in  too  small  a  quantity  to  have  any  appreciable  action  in  this 
respect,  but  by  acting  in  what  is  called  a  catalytic  manner,  causing 
by  their  presence  a  more  ready  and  complete  combination  be- 
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tween  the  oil  and  the  oxygen  of  the  air.  How  they  accomplish 
this  is  not  known  with  certainty,  and  only  the  barest  assumptions 
can  be  made  on  this  point.  It  is  noticeable  that  the  best  driers 
are  compounds  of  bases  which  can  form  more  than  one  oxide  or 
more  than  one  series  of  salts.  Lead  forms  four  oxides,  man- 
ganese forms  three  well-defined  oxides,  iron  three  oxides,  while 
each  forms  more  than  one  salt  with  an  acid.  When  such  is  the 
case,  it  often  happens  that  the  salts  can  easily  be  transformed 
from  one  kind  to  another.  Thus,  ferrous  salts  are  readily 
changed  into  ferric  salts  and  vice  versa;  manganous  salts  into 
manganic  salts,  and  so  on.  When  iron  or  manganese  is  used  as  a 
drier  in  oil  boiling,  it  can  be  conceived  that  these  changes  are 
continually  going  on,  the  iron  or  manganese  and  lead,  if  the 
latter  be  used,  passing  from  one  stage  to  the  other,  carrying 
oxygen  from  the  air  to  the  oil;  at  the  most,  however,  this  is 
only  a  theory,  and  without  many  facts  to  support  it.  The 
author  is  not  inclined  to  lay  much  stress  on  this  theory  of  the 
catalytic  action  of  driers. 

In  connection  with  the  use  of  manganese  as  a  drier,  it  is 
important  not  to  use  too  large  a  proportion,  for  although  it 
hastens  the  drying  of  the  oil,  yet  it  does  not  form  so  tough  a 
film.  This  probably  arises  from  the  surface  of  the  film  drying 
hard,  and  then  protecting  the  lower  portions  from  the  oxidising 
action  of  the  oxygen  of  the  air.  Other  driers  sometimes  have 
the  same  effect  when  used  in  too  large  a  quantity,  and  in  some 
cases  they  have  become  viscous  instead  of  hard. 

By  varying  the  length  of  time  of  the  boil,  the  temperature 
and  the  amount  of  driers  employed,  the  consistency  (when  cold) 
of  the  resulting  boiled  oil  may  be  varied  very  greatly,  a  fact  of 
which  great  advantage  is  taken  in  the  manufacture  of  oil 
cloths.  The  following  particulars  will  illustrate  this  feature 
in  oil  boiling.  A  product  nearly  solid  is  obtained  when  450 
gallons  of  oil  is  kept  for  three  days  at  a  low  heat,  then  adding 
33  lbs.  of  acetate  of  lead,  33  lbs.  of  dried  ferrous  sulphate,  and 
6  lbs.  of  manganese,  and  heating  up  to  500°  F.  for  twenty-four 
hours.  A  very  stiff"  product  is  obtained  by  boiling  550  gallons 
of  oil  for  twenty-four  to  thirty  hours  at  500°  F.,  using  the  same 
quantities  of  driers  as  in  the  last  example.  A  dark  boiled  oil 
for  colours  is  obtained  by  boiling  450  gallons  of  oil,  using  2  cwts. 
of  litharge  ground  in  raw  linseed  oil  as  driers  and  boiling  at 
500°  to  550°  F.  till  the  oil  strings.  A  paler  oil  is  obtained  by 
using  30  lbs.  of  manganese  and  100  lbs.  of  litharge  as  driers 
for  500  gallons  of  oil,  and  keeping  the  heat  below  500°  F. 
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There  is  some  loss  during  the  process  of  oil  boiling,  this  loss 
being  dependent  upon  the  degree  of  heat  used  and  the  duration 
of  the  boil.  The  amount  of  loss  is  not  large,  as  will  be  gathered 
from  the  following : — 6,000  gallons  of  oil  boiled  for  thirty  hours 
lost  30  gallons,  the  same  quantity  boiled  for  fourteen  hours 
lost  20  gallons. 

The  fire  boiling  process  is  gradually  becoming  obsolete  ;  being 
replaced  by  the  steam  processes  described  below,  while  the 
newer  process  of  Hartley  &  Blenkinsop  (p.  397)  is  likely  to 
come  into  extensive  use.  The  fire  process,  while  it  yields  an 
oil  of  excellent  drying  powers,  is  rather  risky  throu^rh  the  oil 
occasionally  boiling  over  in  an  unmanageable  way  and  taking 
fire  through  flowing  into  the  fireplace  of  the  boiler ;  this  risk 
is  absent  in  the  steam  processes.  The  latter  processes  also 
yield  an  oil  of  lighter  colour,  which  is  of  great  advantage  where 
the  oil  is  to  be  used  with  white  lead,  ultramarine  blue,  chrome 
yellow,  emerald  green,  and  other  pale  pigments. 

The  decomposition  of  linseed  oil  is  not  complete,  because  some 
eight  or  nine  per  cent,  of  glycerine  can  be  extracted  from  boiled 
oil. 

2nd.  Steam  Process  of  Oil  Boiling, — Besides  the  ordinary 
process  by  means  of  fire-heat,  oil  can  be  boiled  by  means  of 
steam-heat. 

Vincent*  describes  the  following  arrangement  for  carrying 
out  this  process.  A  copper  pan  (Fig.  70)  of  sufiicient  size  is 
provided.  This  is  fitted  with  a  jacket,  A,  for  steam  to  about 
two-thirds  its  depth.  Above  the  pan,  and  forming  a  con- 
tinuation of  it,  is  a  dome,  in  which  are  three  openings,  one,  B, 
in  the  centre  for  a  vertical  shaft,  S,  carrying  agitators,  0,  for 
the  purpose  of  keeping  the  oil  in  constant  agitation  during  the 
operation.  A  large  opening,  D,  in  the  front  serves  for  the 
purpose  of  introducing  the  oil,  and  observing  from  time  to  time 
the  progress  of  the  operation,  and  for  introducing,  as  required, 
the  driers  which  are  added  to  the  oil.  The  third  opening  at  the 
back  is  fitted  with  a  flue,  F,  which  passes  into  the  chimney, 
and  which  serves  to  carry  off  any  vapours  which  may  be 
produced.  Into  the  jacket  a  pipe,  T,  conveys  steam  at  a  pressure 
of  40  lbs.,  while  another  pipe,  L,  connected  with  a  pump  passes 
into  the  oil  chamber,  and  is  for  passing  air  into  the  oil. 

A  very  convenient  size  for  such  a  boiler  is  one  holding  about 
2  tons  of  oil. 

*  Journal  Society  of  Arts,  1871. 
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The  plan  of  working  is  to  first  heat  the  oil  in  a  tank  with  a 
closed  steam  coil  for  about  two  hours  to  a  temperature  of 
95°  to  97°  C.  (203°  to  206°  F.).  This  preliminary  heating  prevents 
a  great  deal  of  frothing  in  the  boiling  pan,  which  is  a  matter  of 
consequence,  especially  with  Indian  oils. 

From  the  tank  the  warm  oil  is  run  into  the  boiler  and  the 
steam  turned  on  in  the  jacket ;  after  some  time  the  oil  begins  to 
emit  a  peculiar,  somewhat  sickly  odour;  then  the  air  is  blown 


Fig.  70.— Steam  oil  boiler. 


through  the  oil,  when  the  latter  begins  to  froth  a  good  deal  and 
the  odour  increases  and  becomes  more  pungent.  The  agitators 
are  kept  at  work  during  the  whole  of  the  time  the  oil  is  being 
treated.  Driers  are  now  added  in  small  quantities  at  a  time 
until  ^  lb.  for  every  cwt.  of  oil  in  the  pan  has  been  added,  this 
addition  taking  about  two  hours ;  after  which  the  oil  is  kept 
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boiling  for  four  hours  longer.  Then  the  steam  and  air  is  stopped 
and  the  oil  run  into  the  settling  tanks,  where  it  is  allowed 
to  remain  for  from  three  days  to  a  week  to  settle.  The 
clear  oil  is  used  for  making  paints,  &c.,  and  the  foots  for 
putty    making.      Another    steam    oil    boiler   is   shown  in 
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Fig.  71;  and  is  made  by  Messrs.  Rose,  Downs  <fe  Thompson, 
consists  of  a  jacketted  still-pan  set  on  brickwork ;  in  this  an 
agitating  gear  is  fixed,  which  may  either  be  driven  from  a 
separate  engine  (as  shown  in  the  drawing)  or  from  the  general 
shafting  of  the  works  The  oil  is  placed  in  the  pan,  the  steam 
turned  on  and  the  agit^ator  set  in  motion ;  when  all  efiervescence 


BOILING  LINSEED  OIL. 


397 


of  the  oil  has  ceased  driers  are  added  in  small  quantities 
at  a  time,  and  the  air  is  blown  through  by  means  of  an 
air-pump. 

The  advantages  of  using  a  steam  process  of  oil  boiling  are  that 
the  risk  of  fire  is  greatly  reduced,  and  the  oil  is  paler  in  colour, 
which  is  a  great  consideration,  although  the  character  of  the 
driers  used  will  have  some  influence  on  this  point,  acetate  of 
lead  and  other  colourless  driers  giving  the  palest  oil.  For 
all  purposes  steam  boiled  oil  is  as  good  as,  if  not  better  than, 
fire-boiled  oil. 

Messrs.  Hartley  &  Blenkinsop  have  patented  the  production  of 
a  drying  oil  from  linseed  oil  by  the  following  process.  The  oil 
is  first  of  all  treated  with  dilute  sulphuric  acid  containing  30 
per  cent,  of  HgSO^;  this  acid  is  sufficiently  strong  to  remove 
water,  to  char  and  dissolve  mucilage,  and  to  remove  some  of 
the  colouring  matter ;  while  it  is  not  strong  enough  to  act  upon 
the  oil  itself  After  being  acted  on  by  the  acid,  the  oil  is 
allowed  to  stand  to  clarify  itself,  when  a  pale,  clear  oil  is 
obtained.  A  manganese  linoleate  is  made  by  preparing  a  soap 
of  linseed  oil  and  adding  this  to  a  solution  of  manganese  salt. 
The  manganese  linoleate  is  dissolved  in  twice  its  weight  of 
turpentine  or  some  hydrocarbon,  and  from  2  to  5  volumes  of 
this  solution  are  added  to  100  volumes  of  linseed  oil.  Insoluble 
matters  are  separated,  the  mass  raised  to  a  temperature  of 
212°  F.  in  a  special  apparatus,  and  a  current  of  air  or  oxygen 
passed  through  the  oil  until  it  has  attained  the  desired  degree 
of  thickness;  for  example,  a  clear,  transparent  oil  of  a  pale 
yellow  colour  having  a  specific  gravity  of  0*947  can  be  obtained 
from  a  linseed  oil  of  specific  gravity  0*937.  This  thickened  oil 
may  be  used  in  painting,  and  in  the  manufacture  of  floor-cloth, 
linoleum,  and  similar  materials. 

The  advantages  claimed  for  the  "  boiled  "  oil  produced  by  the 
Hartley-Blenkinsop  process  are  that  it  is  exceptionally  pale  in 
colour,  so  that  it  can  be  employed  in  mixing  with  zinc  white, 
white  leads,  and  other  white  pigments,  without  afifecting  the 
purity  of  the  colour  of  the  pigments ;  it  can  be  mixed  with 
pale  and  bright  pigments,  like  emerald  green,  chrome  yellow, 
&c.,  without  darkening  their  tint  or  dulling  their  brilliancy; 
it  does  not  become  discoloured  when  exposed  to  impure  air,  or 
air  containing  sulphurous  gases,  as  lead  boiled  oil  does.  It 
dries  perfectly.  Any  description  of  oil,  quick  or  slow  drying, 
can  be  produced  by  its  means. 

Mr.  G.  Hadfield  has  patented  a  process*  of  boiling  oil  and 

*  English  patent,  No.  3,521,  of  1877. 
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oxidising  it,  which  consists  in  bringing  the  hot  oil  (in  the  form 
of  a  spray)  in  contact  with  an  air  current.  A  special  form  of 
apparatus  is  provided  j  this  consists  of  two  boilers,  set  side  by 
side  in  a  suitably  constructed  furnace ;  from  one  rises  a  wide  flue, 
which  ultimately  terminates  in  a  chimney ;  round  the  base  of 
this  flue  are  apertures  which  admit  air,  a  current  of  which  is 
thereby  ensured  through  the  chimney.  The  other  boiler  is  also 
provided  with  a  flue  or  chimney  which  passes  into  the  flue  of 
the  other  boiler  at  about  its  middle  point.  The  two  boilers  are 
connected  together  at  the  bottom.  The  apparatus  is  worked  in 
the  following  manner.  They  are  filled  with  oil  which  is  then 
heated.  From  the  second  boiler  the  oil  is  pumped  up  to  a 
perforated  box  in  the  top  of  the  flue  of  the  first  boiler;  it 
descends  through  the  flue  in  the  form  ot  a  spray,  and  meeting 
the  air  current  it  becomes  oxidised,  falling  into  the  boiler, 
from  which  it  flows  into  the  other  boiler  to  again  be  pumped 
up ;  this  process  is  carried  on  as  long  as  it  may  be  considered 
necessary. 

Mr.  F.  Walton*  has  devised  a  process  of  preparing  drying 
oils  for  use  in  the  manufacture  of  floorcloth,  in  which  he 
makes  use  of  a  special  apparatus  for  oxidising  the  oil  by 
means  of  air.  The  oil  is  mixed  with  a  small  quantity  of  driers, 
and  is  then  poured  through  a  column  of  air  in  a  fine  shower, 
by  means  of  which  it  is  oxidised.  This  oil  is  next  placed  in 
a  cylindrical  apparatus  and  mixed  with  whiting;  here  it  is 
agitated  while  air  is  blown  in  by  a  blower.  The  oil  rapidly 
oxidises,  and  when  the  action  has  proceeded  far  enough  it  is 
stopped  and  the  cylinder  emptied  of  its  contents. 

Prof.  W.  N.  Hartley  has  investigated  the  boiling  of  the  oil 
and  has  come  to  the  following  conclusions! : — 

1st.  The  chemical  action  of  the  manganese  compound,  em- 
ployed as  a  drier,  when  dissolved  in  linseed  oil  is  that  of  a 
carrier  of  oxygen  from  the  atmosphere  to  the  oil.  Manganese 
oxide  takes  up  oxygen  from  the  air  and  transfers  it  to  the  oil, 
and  in  so  doing  it  suffers  alternately  the  opposite  processes 
of  oxidation  and  reduction. 

2nd.  To  obtain  the  best  result,  the  amount  of  manganese 
present  must  not  exceed  a  certain  small  proportion  of  the  oib 

3rd.  Oil  to  which  turpentine  has  been  added  dries  more 
rapidly  than  oil  without  such  addition,  because  the  oil  being 
diluted  and  rendered  thinner  it  spreads  over  a  larger  surface, 


*  English  patent,  No.  7,126,  1894. 
t  Journal  Soc,  Arts,  Feb.  10,  1893. 
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and  is  in  contact,  therefore,  with  a  much  larger  quantity  of 
oxygen. 

4th.  Turpentine  does  not  act  as  a  drier — that  is,  as  a  carrier 
of  oxygen  to  the  oil. 

5th.  Different  white  pigments  behave  differently  when  drying; 
the  more  powerfully  basic  the  properties  of  the  pigment,  the 
more  powerful  is  its  action  as  a  drier.  Lead  oxide  and  white 
lead  (basic  lead  carbonate)  combine  more  easily  with  the  acids 
of  linseed  oil  than  zinc  oxide  does.  But  zinc  oxide  dries  better 
than  antimony  oxide,  because  it  is  a  stronger  base,  while 
arseniate  of  tin  has  no  basic  properties,  therefore  does  not  act 
as  a  drier. 

6th.  Indifferent  substances — that  is  to  say,  those  without 
chemical  action  on  oil,  such  as  lamp  black,  barytes,  sulphate  of 
lead — cannot  act  as  driers." 

Properties  of  Boiled  Oil. — Boiled  oil  is  a  slightly  viscid 
oil  of  a  reddish  colour,  varying  a  little  in  depth  of  colour 
according  to  the  temperature,  and  the  length  of  time  it  has  been 
heated  in  the  process  of  boiling.  Its  odour  is  peculiar,  and  its 
taste,  which  is  rather  acrid,  somewhat  characteristic.  In  specific 
gravity  it  varies  a  good  deal,  but  the  average  is  about  0*945 ; 
some  samples  will  reach  0*950,  while  others  may  be  as  low  as 
0  940.  Boiled  oil  is  soluble  in  turpentine,  petroleum  spirit, 
shale  spirit,  benzene,  carbon  bisulphide  and  other  similar  solvents. 
When  boiled  with  caustic  soda  or  caustic  potash  it  is  saponified 
almost  completely ;  there  is  usually  a  small  trace  of  unsaponifiable 
hydrocarbon  oil  formed  by  the  decomposition  of  the  oil  during 
the  process  of  boiling. 

When  exposed  to  the  air  in  thin  layers  it  dries  much  more 
rapidly  than  raw  linseed  oil,  and  leaves  behind  a  hard,  lustrous 
coat ;  it  is  this  property  which  makes  boiled  oil  of  so  much  use 
to  the  painter ;  yet  it  does  not  do  to  use  boiled  oil  alone  in  the 
making  of  paints,  because  the  coat  which  it  leaves  is  too  hard 
and  rather  liable  to  crack  on  exposure  to  the  air;  raw  linseed  oil 
is  always  added,  as,  by  leaving  a  more  elastic  coat,  it  prevents 
this  bad  fault  of  boiled  oil  from  showing  itself 

Adulteration  of  Linseed  Oil. — Both  the  raw  and  boiled 
linseed  oils  are  frequently  adulterated;  (substitutes  for  boiled 
oil  will  be  described  more  fully  later  on) ;  the  principal  adul- 
terants used  are  mineral  and  rosin  oils.  Other  fatty  oils, 
such  as  cotton  seed,  niger  seed,  and  whale  oils,  are  sometimes 
used ;  but,  as  linseed  oil  is  cheap,  the  small  gain  arising  from 
their  use  does  not  compensate  for  the  probable  loss  of  custom 
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which  must  ensue  if  the  adulteration  be  found  out;  while  the 
great  difference  in  the  cost  of  linseed  and  mineral  oils  is  a  strong 
inducement  for  adulterating  with  the  latter. 

For  the  purpose  of  detecting  adulteration  the  following  tests 
may  be  applied  : — 

1.  Specific  Gravity. — For  raw  linseed  oil  this  should  be  about 
0-932  ;  if  less  than  0*930,  adulteration  with  fish,  seed,  or  mineral 
oils  would  be  indicated  ;  while  if  the  gravity  exceeds  0*937,  then 
admixture  with  rosin  oil  is  very  likely.  The  specific  gravity  of 
boiled  oil  averages  about  0*945  ;  if  much  heavier  than  this  it  is 
quite  probable  that  rosin  oil  has  been  mixed  with  the  oil ;  while 
if  below  0*940,  then  other  fatty  and  mineral  oils  may  be  looked  for. 

2.  Flash  Point. — Linseed  oil,  whether  raw  or  boiled,  flashes 
at  about  470°  F.  Other  fatty  oils  flash  at  about  the  same  tem- 
perature. Rosin  oil  flashes  at  from  300°  to  330°  F.,  and  during 
the  process  of  testing  a  strong  odour  of  rosin  would  be  given  off. 
Mineral  oils,  such  as  would  be  used  to  adulterate  linseed  oil, 
will  flash  at  from  380°  to  420°  F.,  so  that  the  flash  point  is  one 
of  the  best  tests  for  detecting  the  adulteration  of  linseed  oil  with 
mineral  or  rosin  oils. 

3.  Proportion  of  Mineral  or  Rosin  Oils  in  Linseed  Oil. — To 
determine  the  proportion  of  mineral  or  rosin  oils,  in  adulterated 
linseed  oils,  place  20  grammes  in  a  beaker  with  a  little  water 
and  alcohol ;  then  add  some  caustic  soda  and  boil  for  some  time, 
stirring  at  intervals ;  the  linseed  oil  becomes  saponified,  while 
the  adulterants  are  not  acted  on ;  after  about  an  hour's  boil,  the 
mass  is  allowed  to  cool  a  little ;  then  it  is  poured  into  a  separating 
funnel  and  some  petroleum  ether  is  added,  which  will  take  up 
the  mineral  oil  and  form  a  layer  on  the  top  of  the  aqueous  layer ; 
after  allowing  the  two  layers  to  separate  completely,  the  bottom 
layer  is  run  off,  and  the  top  layer  is  washed  quite  free  from  all 
traces  of  the  soap  formed  by  the  action  of  the  alkali  on  the 
linseed  oil,  by  several  treatments  with  warm  water.  The  ethereal 
layer  is  then  run  into  a  weighed  glass,  the  ether  evaporated  off, 
and  the  residue  of  mineral  oil  weighed.  Whether  the  residue 
is  mineral  or  rosin  oil  must  be  judged  from  the  nature  of  the 
residual  oil  after  evaporating  off  the  ether ;  if  this  is  heavy  and 
viscid,  and  smells  of  rosin  when  heated,  then  rosin  oil  is  present ; 
if  the  residual  oil  is  light,  then  mineral  oil  is  present.^ 

*  A  simple  test  for  the  presence  of  rosin  or  of  mineral  oils  in  either  raw 
or  boiled  linseed  oil,  is  to  boil  a  small  quantity  with  an  alcoholic  solution 
of  caustic  potash  until  it  is  completely  saponified,  then  pour  the  solution 
into  water ;  if  the  oil  be  pure,  a  clear  mixture  will  be  obtained  ;  if  it  con- 
tains either  of  the  oils  named  it  will  be  cloudy  and  turbid. 
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4.  Cotton  and  other  Fat  Oils  in  Linseed  Oil. — The  detection  of 
cotton  seed,  niger  seed,  or  other  fat  oils  in  linseed  oil  is  much 
more  difficult,  but  much  valuable  information  on  this  point  will 
be  gained  by  noticing  the  behaviour  of  the  oil  with  strong  sul- 
phuric acid,  the  character  of  the  mass  formed,  and  the  temperature 
which  the  mixture  of  acid  and  oil  attains.  The  character  of  the 
soap  formed  on  boiling  the  oil  with  caustic  soda,  the  appearance, 
melting  point,  and  combining  equivalent  of  the  fatty  acids  w^hich 
may  be  obtained  from  the  soap  so  formed  are  also  valuable  indi- 
cations of  the  character  of  the  fatty  oil  adulterants. 

5.  Driers  in  Boiled  Oil. — About  25  grammes  are  boiled  with 
a  little  dilute  hydrochloric  acid,  with  constant  stirring,  for  about 
half  an  hour ;  the  mass  is  allowed  to  stand  to  separate ;  the 
bottom  acid  layer  contains  the  driers  added  during  the  boiling 
of  the  oil,  this  is  run  off  and  tested  in  the  usual  way ;  then  the 
oil  is  boiled  with  caustic  soda  until  it  is  saponified,  then  the 
mass  is  treated  in  the  separating  funnel,  as  described  above,  to 
separate  the  mineral  or  rosin  oil  used  to  adulterate  the  boiled 
oil.  The  aqueous  layer  which  has  been  run  off  may  be  acidified, 
and  the  acids  obtained  tested  for  rosin  by  Gladding's  test. 

BOILED  OIL  SUBSTITUTES.— Many  substitutes  are 
offered  for  boiled  oil,  some  of  which  have  been  patented.  In 
composition  they  vary  greatly,  and  it  is  not  possible  to  do  more 
than  briefly  indicate  their  general  features.  Some  are  mixtures 
of  boiled  oil,  rosin,  turpentine,  rosin  oil ;  others  more  closely 
approach  an  oil  varnish  in  composition,  being  made  by  melting 
rosin,  then  mixing  it  with  hot  oil  and  thinning  down  with  rosin 
spirit.  Some  are  made  by  preparing  a  compound  of  lime  or 
alkali  with  rosin  or  other  resinous  products,  and  dissolving  this 
in  oil  and  rosin  spirit  or  turpentine. 

The  quality  of  these  products  varies  very  much.  None  of 
them  are  equal  to  good  boiled  oil,  although  one  or  two  very 
nearly  approach  it;  others  are  but  inferior  substitutes,  and 
cannot  be  recommended  even  for  inferior  work.  It  is  not 
possible  to  deal  more  particularly  with  these  boiled  oil  substi- 
tutes in  this  book. 

POPPY  OIL. — This  oil  is  obtained  from  the  seeds  of  the  poppy 
{Papaver  somniferum)  by  pressure,  or  it  may  be  extracted  by 
means  of  solvents.  This  oil,  although  a  very  good  drying  oil,  is 
not  largely  used,  chiefly  because  its  price  does  not  allow  it  to 
compete  with  linseed  oil ;  artists  make  use  of  it  on  account  of 
its  paleness  in  colour  not  interfering  so  much  with  pale  tints 
as  linseed  oil  does,  its  price  not  being  so  much  an  object  with 
them  as  it  is  with  house  painters, 
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Poppy  oil  is  usually  of  a  pale  straw  colour,  very  limpid,  has 
little  or  no  odour  when  fresh,  and  a  pleasant  taste ;  the  oil  is 
free  from  the  narcotic  properties  for  which  the  plant  itself  is 
famous.  In  specific  gravity  it  ranges  from  0*924  to  0*927.  It 
solidifies  at  -  18°  0.  It  is  soluble  in  about  four  times  its  volume 
of  boiling  alcohol  and  twenty-five  times  its  volume  of  cold  alcohol. 
Mixed  with  strong  sulphuric  acid  (Maumene's  test),  the  rise  in 
temperature  is  about  88*^  to  90°  0.  It  takes  about  19  per  cent, 
of  caustic  potash  (K  0  H)  to  saponify  it,  and  it  absorbs  about 
134  to  137  per  cent,  of  iodine. 

HEMPSEED  OIL.— The  hemp  plant  (Cannabis  sativa)  yields 
a  roundish  greenish-grey  seed,  very  familiar  to  lovers  of  canaries, 
from  which,  on  expression,  an  oil  is  obtained  that  is  used  for 
painting.    The  yield  of  oil  varies  from  15  to  25  per  cent. 

Hempseed  oil  when  fresh  has  a  greenish-yellow  tint,  but  on 
keeping  it  slowly  turns  to  a  brownish-yellow ;  its  odour  and 
taste  are  rather  unpleasant.  Its  specific  gravity  ranges  from 
0*925  to  0*931.  It  becomes  turbid  at  a  temperature  of  -  15''  C, 
but  does  not  set  completely  solid  until  a  temperature  of  -  25"*  C. 
is  attained.  Strong  sulphuric  acid  has  a  vigorous  action  on  it, 
the  increase  in  temperature  being  about  100°  C.  It  absorbs  from 
143  to  144  per  cent,  of  its  weight  of  iodine,  which  indicates  that 
it  contains  a  large  proportion  of  linoleic  acid  (linolic  and  linolenic 
acids),  and  shows  that  its  drying  properties  must  be  good. 

In  this  country  hempseed  oil  is  rarely  used  as  a  paint  oil,  its 
price  being  against  it ;  still,  it  has  been  mixed  with  linseed  oil, 
and  it  is  difficult  to  obtain  the  latter  free  from  it,  owing  to  the 
Russian  linseed  growers  mixing  hempseed  with  the  linseed.  In 
Russia,  and  other  places  where  hempseed  is  grown,  the  oil  is 
used  rather  largely  for  painting. 

WALNUT  OIL. — The  common  walnut,  the  fruit  of  the 
walnut  tree  {Juglans  regia)  contains  about  50  per  cent,  of  its 
weight  of  an  oil  possessing  drying  properties.  The  process  of 
extraction  of  this  oil  is  as  follows  : — 

The  nuts  are  collected  and  placed  in  heaps  for  a  period  of  about 
three  months,  when  they  begin  to  decompose ;  they  are  then 
crushed  and  pressed ;  this  gives  "  virgin  nut  oil,"  often  used  as 
a  food  oil  as  well  as  a  paint  oil.  The  nuts  still  contain  some 
oil,  which  is  extracted  by  grinding  the  cake  with  hot  water  and 
again  subjecting  it  to  pressure ;  the  oil  so  got  is  known  as  "  fire- 
drawn  nut  oil." 

Walnut  oil  is  usually  of  a  pale  yellowish-green  tint,  but  it  can 
be  prepared  almost  colourless  from  fresh  kernels.  The  specific 
gravity  varies  from  0*925  to  0*927  ;  it  begins  to  be  turbid  at  a 
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temperature  of  -  15°  C,  but  becomes  solid  only  when  at  a  temper- 
ature of  —27*5°  C.  Strong  sulphuric  acid  causes  the  evolution 
of  some  heat,  the  increase  in  temperature  being  101°  to  103°  C. 
It  will  absorb  about  144  per  cent,  of  iodine,  pointing  to  its  con- 
taining linoleic  (linolic  and  linolenic  acids)  in  large  proportion. 

It  is  a  powerful  drying  oil ;  some  authorities  say  that  it  is 
superior  to  linseed  oil  in  this  respect;  at  all  events  it  is  quite 
equal  to  it  in  drying  power.  It  is  chiefly  used  by  artists,  as  it  is 
pale  in  colour,  and  can,  by  bleaching,  be  obtained  almost  colour- 
less. Its  greater  cost  prevents  its  coming  into  extensive  use  as 
a  substitute  for  linseed  oil  in  house  painting. 

CHINESE  WOOD  OIL,  or  TUNG  OIL,  is  obtained  by 
cold  pressure  in  a  somewhat  primitive  manner  by  the  use  of 
wooden  presses  from  the  seeds  of  the  Tung  tree,  Elceococca 
vmiica,  a  member  of  the  Euphorhiacece,  a  group  of  plants  which 
grow  very  extensively  on  the  banks  of  the  Yangtsze  river  in 
China.  The  seeds  yield  35  per  cent,  of  their  weight  of  the  oil. 
The  oil,  when  of  good  quality,  is  pale  amber  in  colour,  some- 
what dull  in  appearance,  but  lacking  that  brightness  which  is 
seen  in  rape  or  cottonseed  oil.  It  has  a  peculiar  and  character- 
istic nutty  odour  and  unpleasant  taste.  Its  specific  gravity  at 
60°  F.  is  0'940;  at  212°  F.,  0-8871.  It  is  rather  viscous,  being 
slightly  more  so  than  linseed  oil,  the  viscosity  at  various  tem- 
peratures being  as  follows :— At  70°  F.,  150 ;  at  120°  F.,  98;  at 
150°  F.,  52 ;  and  at  212°  F.,  22.  Mixed  with  strong  sulphuric 
acid  it  forms  brownish  clots,  and  gives  rise  to  considerable 
increase  of  temperature,  a  mixture  of  20  parts  oil  to  8  parts 
strong  acid  rising  to  182°  F.  It  takes  17*78  per  cent,  of  caustic 
potash  to  saponify  it ;  this  points  to  the  oil  containing  acids  of 
high  molecular  weight.  It  contains  a  small  quantity  of  free 
acid,  about  1  to  3  per  cent. 

The  chemical  composition  of  this  oil  has  not  as  yet  been 
fully  worked  out.  To  one  of  its  constituents  the  name  of 
Elseomargaric  acid  has  been  given. 

It  absorbs  93  per  cent,  of  its  weight  of  bromine,  or  120  per 
cent,  of  iodine. 

There  are  both  soluble  and  insoluble  fatty  acids  in  this  oil ; 
subjected  to  the  Reichert  distillation  test,  10  grammes  of  the 
oil  give  a  distillate  which  has  an  acidity  equal  to  16*2  c.c. 
decinormal  caustic  soda,  while  there  are  88*7  to  90  per  cent,  of 
insoluble  fatty  acids. 

Poured  in  a  thin  film  over  a  glass  plate  it  takes  about  two 
days  to  dry,  being,  therefore,  quicker  in  its  drying  power  than 
raw  linseed  oil,  which  takes  about  three  days  to  dry.    The  dry 
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film  left  by  Chinese  wood  oil  has  a  different  appearance  to  that 
left  by  linseed  oil ;  it  is  whiter,  duller,  and  more  opaque,  which 
is  rather  against  its  use  in  painting,  and,  moreover,  the  coat  or 
film  is  rather  crinkled  and  not  smooth.  Linseed  oil  leaves  a 
smooth  and  bright  film.  By  dissolving  a  little  litharge  in  the 
oil,  the  opacity  of  the  oil  is  removed,  but  the  film  still  remains 
rather  crinkled. 

Heating  Chinese  wood  oil  appears  to  have  no  material 
influence  in  accelerating  its  drying  power. 

The  behaviour  of  Chinese  wood  oil  under  heat  is  peculiar, 
and  sharply  distinguishes  it  from  other  oils.  Maintained  at  a 
temperature  of  212°  F.  for  some  days  it  slowly  gelatinises,  the 
jelly  which  is  formed  not  being  liquefied  by  heating.  Heated 
up  it,  like  all  other  oils,  becomes  thinner  and  more  limpid ;  it 
does  not  darken  so  much  in  colour  as  does  linseed  oil  under  the 
same  circumstances;  heated  to  about  550°  to  560°  F.  it  sets 
almost  immediately  into  a  clear  transparent  jelly,  which  is 
permanent  on  exposure  to  the  air,  and  has  an  appearance  and 
consistency  recalling  that  of  india-rubber.  This  jelly  is  not 
melted  by  subsequent  heating,  and  it  is  quite  insoluble  in  hot 
oil,  benzol,  turpentine,  petroleum  spirit,  alcohol,  and  similar 
solvents.  This  peculiar  behaviour  of  Chinese  wood  oil  to  heat 
throws  it  at  once  out  of  court  for  varnish  making  by  the 
ordinary  process,  but  the  property  might  cause  the  oil  to  be  of 
service  to  floorcloth,  linoleum,  and  rubber  manufacturers. 

The  oil  does  not  appear  to  possess  much  solvent  property  for 
driers,  especially  for  the  linoleates  and  resinates  of  lead  and 
manganese.  There  may  be  prepared  from  the  oil  preparations 
of  lead  and  manganese,  similar  to  linoleates,  which  act  more 
efficiently  as  driers  to  linseed  oil  than  any  other  preparation. 
The  use  of  these  preparations  has  been  described  in  an  English 
patent,  where  they  are  called  "tungates." 

Boiled  up  with  caustic  soda  it  yields  a  softish  soap,  which 
tends  to  become  darker  on  exposure  to  air.  Caustic  potash 
yields  a  brownish  soft  soap. 

Exposed  to  light  for  a  while,  the  length  of  which  depends 
upon  the  time  of  the  year,  the  oil  slowly  becomes  solid.  At 
first  there  is  a  deposition  of  solid  stearin-like  particles,  but  in 
time  the  whole  mass  becomes  solid ;  at  the  same  time  the  oil 
loses  its  yellow  colour  and  turns  white.  On  heating,  the  solid 
melts,  but  re-forms  on  cooling.  In  thus  solidifying  on  exposure 
to  light,  Tung  oil  differs  from  other  oils.  To  this  feature  is 
probably  clue  the  turning  white  of  a  film  of  Chinese  wood  oii  on 
drying. 


ROSIN  OIL. 


405 


Tung  oil  is  soluble  in  all  solvents  like  benzene,  petroleum 
spirit,  ether,  &c.,  and  in  hot  alcohol  and  hot  glacial  acetic 
acid. 

CORN  OIL. — This  oil,  also  known  as, Maize  Oil,  is  obtained 
from  the  germ  of  the  Indian  corn,  Zea  mays,  grown  extensively 
in  America.  It  is  a  clear,  yellow,  limpid  oil  of  a  pleasant  odour. 
It  is  used  in  America  to  mix  with  linseed  oil,  but  its  drying 
properties  are  very  weak,  and  do  not  entitle  it  to  rank  as  a 
paint  oil.  Used  by  itself  it  will  not  dry,  and  added  to  linseed 
oil  it  retards  the  drying  of  that  oil. 

ROSIN  OIL. — When  rosin  (the  solid  residue  left  by  turpen- 
tine after  all  its  volatile  spirit  has  been  distilled  off  by  the  aid  of 
steam)  (see  p.  411)  is  distilled  in  large  iron  retorts  it  is  decom- 
posed, and  five  principal  products  are  obtained :  1st,  gas ;  2nd, 
pyrolic  acid,  a  watery  liquid  containing  10  to  12  per  cent,  of 
acetic  acid ;  3rd,  rosin  spirit ;  4th,  rosin  oil ;  and  5th,  a  residue, 
rosin  pitch,  which  is  left  behind  in  the  still.  The  proportions  of 
these  bodies  obtained  depends  partly  on  the  nature  of  the  rosin 
and  partly  on  the  method  of  distillation. 

There  are  two  principal  methods  of  distillation.  In  one,  the 
most  used,  the  rosin  is  placed  in  large  vertical  stills  of  cast  iron 
capable  of  holding  about  2,000  gallons,  the  usual  charge  being 
70  barrels  of  25  gallons  capacity.  The  still  is  connected  with 
worm  condensers  and  receiving  tanks.  When  heated  by  fire  the 
various  crude  products  named  above  pass  over.  The  proportion 
of  products  to  the  rosin  employed  varies  from  time  to  time,  but 
the  following  are  the  average  quantities  : — 

Gas,  5*4  per  cent. 

Acid  water,  2'5 

Kosin  spirit,  ......  3*1 

Rosin  oil,   85*1  ,, 

Pitch,  ,       .     3'9  „ 

Sometimes  the  distillation  is  carried  to  dryness,  when  coke  is 
obtained  instead  of  pitch  as  the  final  residue;  but,  pitch  being 
the  more  valuable  product  of  the  two,  this  is  seldom  done. 

The  operation  of  distilling  takes  from  50  to  60  hours,  the  usual 
length  of  time  being  56  hours. 

The  second  method  of  distilling  is  similar  to  the  first  so  far  as 
the  plant  is  concerned,  but  the  distillation  is  carried  out  with  the 
aid  of  superheated  steam  in  addition  to  fire  heat.  The  main 
products  are  the  same,  but  there  is  a  larger  proportion  of  spirit 
and  a  smaller  proportion  of  rosin  oil;  the  spirit  averages  about 
15  per  cent,  and  the  oil  about  62  to  64  per  cent,  of  the  weight  of 
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the  rosin  employed,  while  the  amount  of  acid  water  is  necessarily 
largely  increased  by  the  condensation  of  the  steam  passed  into 
the  still.    This  process  is  not  much  used. 

The  rosin  spirit  is  described  more  fully  on  p.  421  et  seq. 
The  crude  rosin  oil  which  comes  from  the  stills  varies  in  appear- 
ance and  quality  at  various  periods  of  the  process  ;  and  also 
according  to  the  manner  in  which  the  operation  is  conducted. 
Two  varieties  of  crude  rosin  oil  are  recognised;  "hard  rosin  oil," 
which  is  chiefly  obtained  when  the  distillation  is  conducted 
rapidly,  and  is  the  product  which  comes  over  during  the  first 
stages  of  the  operation  ;  and  "  soft  crude  rosin  oil,"  which  is  the 
product  obtained  when  the  process  is  conducted  slowly,  and 
during  the  middle  period  of  the  distillation ;  sometimes  a 
"  medium  crude  rosin  oil  "  is  collected  as  the  final  part  of  the  oil 
to  come  over, 

"  Hard  crude  "  is  a  thick  turbid  oil  of  a  dark  red  colour,  used 
for  mixing  with  coal-tar  and  parafiin  greases  for  making  lubri- 
cating greases  with.  As  it,  when  exposed  to  the  air,  absorbs 
oxygen  and  resinifies  somewhat,  it  has  been  used  as  a  paint  oil, 
but  its  use,  for  reasons  which  will  be  pointed  out  presently,  is 
unsatisfactory. 

"  Soft  ca^ude  "  is  rather  thinner  than  the  last;  is,  if  anything, 
lighter  in  specific  gravity,  and  is  more  acid  in  character.  Its  chief 
use  is  for  mixing  with  lime  in  the  preparation  of  wheel  greases. 
It  does  not  dry  as  well  as  "  hard  "  rosin  oil. 

The  specific  gravity  of  the  crude  rosin  oil  varies  from  0*996  to 
1*030;  it  has  acid  properties,  due  to  the  presence  of  an  acid  or 
acids,  the  nature  of  which  is  unknown.  It  takes  0*3  parts  of 
sodium  hydroxide  to  neutralise  the  acid  in  100  parts  of  the  oil. 
There  is  much,  about  60  per  cent.,  unsaponifiable  oil  in  crude 
rosin  oil. 

Crude  rosin  oil  is  refined  by  alternate  treatments  with 
sulphuric  acid,  caustic  soda,  and  redistillation;  the  oftener  these 
operations  are  repeated  the  purer  becomes  the  refined  rosin  oil 
obtained;  the  refining  can  be  carried  so  far  as  to  yield  a  product 
of  a  very  pale  colour. 

Refined  rosin  oil  is  a  viscid,  oily  liquid,  varying  in  colour  from 
dark  red  to  pale  yellow  in  the  best  refined  samples;  its  specific 
gravity  ranges  from  0*980  to  0*995;  it  has  a  peculiar  odour.  Its 
taste,  especially  so,  a  strong  after-taste,  is  peculiar  and  charac- 
teristic. The  cruder  varieties  have  a  bluish  or  bluish-violet 
bloom  or  fluorescence,  which  is  less  marked  in  the  more  highly- 
refined  samples. 

The  cruder  varieties  of  refined  rosin  oil  contain  small  quantities 
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of  free  acid  and  some  products  capable  of  combining  with  caustic 
soda;  the  more  highly  refined  products  are  ahuost,  if  not  entirely, 
pure  hydrocarbons.  The  flash  point  of  rosin  oil  is  about  320°  F., 
and  the  fire  point  about  390°  F.  The  odour  on  heating  is 
characteristic,  resembling  that  of  burning  rosin. 

The  cruder  varieties  of  rosin  oil  possess  feeble  drying  powers, 
but  the  more  refined  oils  have  none  at  all.  Rosin  oil  possesses 
one  very  objectionable  feature  in  its  drying  properties ;  it  dries, 
but  in  the  course  of  a  few  weeks  the  coat  becomes  soft  and  tacky 
or  gives  again,  as  the  painters  say  ;  even  if  rosin  oil  paint  has 
been  used  for  a  bottom  coat  and  a  good  linseed  oil  paint  for  a  top 
coat  this  defect  will  make  itself  apparent.  No  means  are  known 
by  which  this  defect  of  rosin  oil  can  be  remedied  or  of  increasing 
the  drying  power  in  any  degree.  The  use  of  rosin  oil  in  paints 
should,  therefore,  be  avoided. 

The  addition  of  rosin  oil  to  linseed  oil  or  other  paint  oils  can 
be  readily  detected  by  the  increase  in  specific  gravity,  the  low 
flash  point,  and  the  odour  of  rosin  on  heating ;  while  the  amount 
may  be  approximately  ascertained  from  the  amount  of  unsaponi- 
fiable  oil  left  after  boiling  with  caustic  soda. 

The  other  oils  are  of  but  slight  importance,  and  the  preceding 
table  will  give  all  necessary  information  about  them. 

TURPENTINE. — Turpentine  is  the  term  which  was  origi- 
nally given  to  some  resinous  exudations  from  various  species  of 
pine  and  other  coniferous  trees,  but,  of  late  years,  this  term  has 
been  used  to  distinguish  a  volatile  liquid  obtained  from  the  crude 
turpentines  by  distillation;  formerly  this  liquid  was  known  as 
"  oil "  or  "spirits  of  turpentine,"  and  occasionally  it  is  now  so 
named;  it  is  also  known  shortly  as  "turps."  The  crude  turpen- 
tines are  but  of  small  value  commercially,  and  some  are  only 
used  in  medicine.  There  are  many  varieties,  such  as  Yenice, 
Strasburg,  Canadian,  Chian,  Aleppo,  &c.  Each  of  these  has  a 
soft  resinous  character  and  an  aromatic  odour;  when  distilled 
with  steam  they  are  decomposed  into  a  volatile  spirit  and  a  solid 
residue,  rosin  or  colophony.  As  these  bodies  are  not  used  in 
making  varnishes  no  further  mention  will  be  made  of  them. 

Under  the  term  turpentine  will  be  described  the  liquid  spirit 
used  by  painters  and  varnish  makers. 

There  are  three  varieties  of  turpentine  met  with  in  the  English 
market — viz.,  American,  French,  and  Russian  turpentines.  All 
these  are  derived  from  various  species  of  pine  trees. 

American  Turpentine  is  derived  from  two  or  three  species  of 
pine,  chiefly  from  the  swamp  or  Georgia  pine  {Pinus  australis\ 
which  grows  in  extensive  forests  in  North  and  South  Carolina, 
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Georgia,  and  Alabama,  the  former  State  being  the  largest 
producer  of  turpentine.  From  the  loblolly  pine  (Pinus  taeda), 
turpentine  is  also  obtained. 

In  winter,  which  extends  from  November  to  March,  gangs  of 
men  proceed  to  the  forests  for  the  purpose  of  collecting  the  resin; 
for  this  purpose  the  trees  are  boxed,  that  is,  a  cavity  is  cut  into 
the  side  of  the  tree,  about  1  foot  from  the  ground;  the  boxes 
have  a  capacity  of  about  2  or  3  pints.  Sometimes  3  boxes  will 
be  made  in  a  tree,  but  care  is  taken  not  to  touch  the  heartwood, 
as  such  a  proceeding  would  certainly  kill  the  tree.  The  upper 
part  of  the  box  is  always  kept  free  from  resin,  and  is  frequently 
chipped  so  as  to  expose  fresh  surfaces  of  wood,  which  causes  the 
resin  to  flow  more  freely.  About  March,  the  sap  begins  to  flow 
and  to  collect  in  the  box  and  on  the  sides  of  the  cut  surface,  that 
which  collects  in  the  box  is  called  "  dip,"  and  that  which  collects 
on  the  sides  is  known  as  "scrape."  That  which  collects  the  first 
year  in  a  box  is  known  as  virgin  dip,"  and  is  always  collected 
separately.  The  crude  resin  is  known  commercially  as  "gum 
thus,"  and  is  exported  for  use  in  making  varnishes.  Most  of  the 
resin  is,  however,  treated  locally  for  turpentine  and  rosin, 
although  it  would  be  better  to  send  it  to  some  large  works  for 
treatment. 

Mr.  J.  0.  Schuler  has  improved  the  extraction  of  the  tur- 
pentine from  the  trees.  In  place  of  cutting  a  "box''  in  the 
tree  (which  results  in  the  death  of  the  tree),  he  faces  the  tree 
with  glazed  earthenware  cups  in  which  the  resin  collects.  The 
life  of  the  tree  is  thereby  preserved,  while  there  is  a  greater 
yield  of  resin,  usually  one-fourth  more,  and  there  is  no  loss 
by  dipping  as  in  the  old  system.  The  resin  also  yields  about 
one-fifth  more  turpentine  and  more  rosin,  which  is  moreover 
of  a  better  grade  than  that  obtained  from  the  old  system.  The 
yield  from  resin  collected  under  the  old  system  is  usually  100 
gallons  of  turpentine  and  10  "weight"  barrels  of  resin  from 
500  gallons  of  crude  resin.  From  the  same  weight  of  crude 
resin  collected  in  the  cups  125  gallons  of  turpentine  and  14 
"weight"  barrels  of  rosin  are  obtained.  It  maybe  mentioned 
that  Schuler  places  a  little  water  in  the  cups ;  the  rosin  being 
slightly  heavier  sinks  under  this  and  so  loss  by  evaporation 
is  prevented. 

The  wasteful  system  which  has  hitherto  been  pursued  in  the 
turpentine  districts  of  North  America  of  practically  destroying 
the  trees  is  now  beginning  to  result  in  the  pine  forests  becom- 
ing too  limited  in  extent  to  yield  the  full  amount  of  resin 
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required  for  the  production  of  turpentine,  and  unless  some 
change  conies  about  the  forests  will  be  entirely  destroyed. 
The  only  remedy  is  to  adopt  some  such  plan  of  extracting 
the  resin  as  that  of  Mr.  Schuler  in  conjunction  with  that  of 
re-planting  the  forests  with  trees  in  a  systematic  manner  and 
this  undoubtedly  will  be  done  in  the  future,  and  it  must  be 
done  if  the  supply  of  turpentine  and  rosin  is  to  be  maintained 
to  supply  the  demand  which  exists. 

The  system  of  distilling  of  the  crude  resin  at  present  carried 
on  is  of  a  crude  and  imperfect  character,  and  a  better  one  is 
desirable,  so  that  a  larger  yield  of  more  valuable  products  can 
be  obtained. 

It  may  be  noted  here  that  attention  should  be  paid  in  the 
collecting  of  the  resin  to  avoid  the  inclusion  of  vegetable 
matter,  dirt,  &c.,  the  presence  of  which  has  a  material  effect 
on  the  quality  of  the  rosin  which  is  made  from  it. 

Turpentine  is  obtained  from  the  crude  resin  by  placing  it  in  a 
still ;  into  this  still  passes  a  steam  pipe  from  a  steam  boiler, 
while  out  of  it  passes  a  pipe  in  connection  with  a  worm  condenser; 
a  manhole  on  the  top  serves  for  the  purpose  of  filling  the  still, 
while  a  large  pipe  at  the  bottom  serves  to  run  off  the  residual 
rosin.  The  still  is  built  into  a  suitable  furnace,  so  that  it  can  be 
heated  by  fire.  When  sufficient  resin  has  been  placed  in  the 
still  the  fire  is  lighted,  and  when  the  temperature  has  attained  a 
little  above  the  boiling  point  of  water,  the  current  of  steam  from 
the  boiler  is  sent  in;  the  turpentine  passes  over  into  the  worm 
condenser  and  condenses  along  with  water  from  the  steam ;  when 
no  more  turpentine  comes  over,  the  rosin  left  in  the  still  is  run 
off  into  barrels,  when  the  still  is  ready  for  another  charge.  The 
turpentine  is  often  purified  by  a  second  distillation.  The  appli- 
ances in  use  are  generally  of  a  crude  description. 

The  properties  of  American  turpentine  will  be  dealt  with 
shortly. 

French  Turpentine. — This  variety  is  obtained  from  the 
maritime  pine  (Pinus  7naritima),  which  grows  very  extensively 
in  the  South-west  of  France,  especially  in  the  Departments  of 
Landes  and  Gironde.  The  industry  in  these  districts  is  con- 
ducted on  a  rather  more  scientific  principle  than  in  America. 
The  trees  are  cut  in  February  or  March,  and  the  sap  is  caused 
to  flow  into  an  earthenware  vessel  placed  at  the  foot  of  the 
tree.  The  trees  are  tapped  for  five  years  in  succession,  when 
they  are  not  touched  for  a  few  years,  and  then  tapping  com- 
mences again ;   when  the  tree  has  got  somewhat  exhausted^ 
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the  final  tapping  takes  place,  and  a  large  yield  of  resin  ob- 
tained, but  the  tree  is  killed.  It  is  felled,  and  another  planted 
in  its  place. 

The  distillation  of  the  crude  resin  is  carried  on  in  the  plant 
shown  in  Fig.  72,  which  is  a  front  view  or  section  of,  and 
Fig.  73,  which  is  a  side  view  or  section  of  the  plant.  A  is  a 
boiler  heated  by  means  of  a  steam  coil,  or  (as  shown  in  the 
drawing)  by  means  of  a  fire,  the  former  method  being  preferable ; 
in  this,  the  crude  resin  is  heated  to  a  temperature  of  96°  0. 
(194°  F.),  when  it  becomes  liquid.  The  boiler  is  fitted  with  a 
movable  cover  to  prevent  the  easy  escape  of  turpentine  and  the 
entrance  of  dirt.  When  the  resin  is  melted,  it  is  run  into  the 
tank,  B,  through  a  pipe ;  the  particles  of  woody  tissue,  dirt,  (fee, 
are  deposited  in  this  tank,  as  also  in  the  boiler,  A.  From 
the  tank,  B,  the  melted  resin  is  run  into  a  tank,  C,  which  holas 
the  quantity  usually  treated  at  one  time  (about  66  gallons);  this 
tank  is,  therefore,  a  measuring  tank,  from  this  it  runs  through 
the  pipe,  6,  into  the  still,  D,  which  has  the  form  shown;  into  this 
passes  a  steam  coil,  by  which  steam  from  an  ordinary  steam 
boiler  can  be  sent  into  the  still.  An  opening  near  the  bottom 
of  the  still  (which  is  kept  plugged  during  the  time  the  turpen- 
tine is  being  distilled),  permits  of  the  rosin  being  run  off.  E  is 
an  ordinary  worm  condenser  fitted  into  a  tub  through  which 
cold  water  is  continually  passing;  with  this  worm  condenser  the 
still  is  connected  by  means  of  a  goose  neck  (shown  in  the 
drawing). 

The  crude  resin  is  placed  in  the  still,  66  gallons  being  the 
usual  charge;  it  is  then  heated  by  fire  until  a  temperature  of 
135°  C.  (275°  F.),  is  attained;  when  a  current  of  steam  is  passed 
into  the  still,  turpentine  begins  to  come  over  and  to  condense 
along  with  the  water  from  the  steam  in  the  worm  condenser,  the 
condensed  products  passing  into  a  suitable  receptacle,  in  which 
the  water  gradually  settles  to  the  bottom,  while  the  turpentine 
rises  to  the  surface;  the  latter  is  skimmed  oflT  and  run  into 
other  narrow-mouthed  vessels,  in  which  it  is  allowed  to  stand 
for  several  days,  during  which  the  remaining  water  and  other 
impurities  settle  out.  The  yield  of  turpentine  is  rather  more 
than  one-fifth  that  of  the  crude  resin  employed. 

When  all  the  turpentine  has  been  distilled  over,  the  residue 
in  the  still  is  run  first  into  a  tank,  F,  and  from  thence  into  a 
revolving  screen,  G-,  through  which  it  flows  in  a  fairly  clear 
condition  free  from  dirt  and  grit  of  any  kind.    By  this  means, 
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too,  the  rosin  is  freed  from  any  water  it  may  contain.  The 
quantity  of  rosin  obtained  is  rather  less  than  four-fifths  of  the 
resin  used 

French  turpentine  is  almost  entirely  consumed  in  France ; 
very  little  is  now  exported  into  England.  Its  properties  wnll  be 
discussed  later  on. 

Russian  turpentine  is  obtained  chiefly  from  the  Scotch  pine, 
I'inus  sylvestris.  The  method  of  obtaining  it  does  not  differ 
essentially  from  that  adopted  in  extracting  American  or  French 
turpentine,  although  there  are  some  minor  differences  in  the 
method  of  tapping  the  trees  and  collecting  the  crude  resin,  and 
in  the  manner  of  distilling  the  turpentine,  which  is  usually  done 
in  a  rather  crude  manner. 

Russian  turpentine  differs  slightly  in  properties  from  American 
and  French  turpentines. 

Turpentine  is  a  hydrocarbon  having  the  formula  C^q  H^^  ; 
there  are,  however,  a  number  of  isomeric  compounds  known 
which  have  the  composition  represented  by  the  above  formula. 
These  bodies  have  been  named  the  terpenes  ;  they  are  derived, 
as  well  as  the  three  varieties  of  turpentine  already  described, 
from  natural  resins  or  from  various  natural  oils. 

They  closely  resemble  one  another  in  their  chemical  as 
well  as  in  many  of  their  physical  properties.  The  terpenes 
have  been  investigated  by  Berthelot,  Tilden,  Wallach  and 
other  chemists,  and  a  number  of  them  are  known.  Berthelot 
pointed  out  that  French  turpentine  had  some  different  pro- 
perties from  American  turpentine,  although  their  chemical 
composition  w^as  the  same.  He  named  the  terpene  of  American 
turpentine,  australene,  and  that  from  French  turpentine, 
terebenthene ;  while  he  gave  to  the  characteristic  hydrocarbon 
of  Russian  turpentine  the  name  of  sylvestrene.  Armstrong 
considers  that  American  turpentine  is  a  compound  of  two  terpenes, 
one  of  which  is  the  same  as  found  in  the  French  turpentine  and 
which  rotates  a  ray  of  polarised  light  to  the  left ;  this  he  names 
Isevoterebenthene.  The  other  terpene  has  similar  properties, 
only  it  rotates  the  ray  of  polarised  light  to  the  right ;  this  he 
names  dextroterebenthene  ;  it  is  found  in  a  very  pure  condition 
in  the  turpentine  from  Pimcs  Khasyana,  a  Burmese  tree.  Wallach 
describes  nine  terpenes  which  he  names — 1.  Finene,  the  main 
constituent  of  French  and  American  turpentine.  2.  Camphene, 
which  differs  from  all  other  terpenes  in  being  solid ;  it  is  not 
found  naturally,  but  can  be  prepared  by  artificial  means  from 
pinene.  3.  Fenchene,  which  is  also  obtained  artificially.  4, 
Cimonene,  found  in  the  essential   oils  of  various  species  of 
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aurantiacece,  oils  of  lemon,  orange,  bergamot,  (fee.  5.  Dipentene, 
found  in  oil  of  camphor,  Russian  and  Swedish  turpentine,  &c. 
6.  Sylvestreney  the  characteristic  terpene  of  Russian  and  Swedish 
turpentine.  7.  Phellandrene^  found  in  various  essential  oils.  8. 
Terpinene,  found  in  several  oils.  9.  Terpinonlene,  a  rare  terpene. 
The  two  most  important  of  these  are  Pinene  and  Sylvestrene, 
which  are  found  in  the  chief  commercial  turpentines. 

Pinene  is  a  colourless  or  water-white  mobile  liquid  of  a 
peculiar  and  characteristic  odour,  having  a  specific  gravity  of 
0-8749  according  to  Tilden ;  Wallach  gives  it  as  0*860.  It  boils 
at  from  155°  to  156°  C.  When  dry  hydrochloric  acid  gas  is 
passed  into  it,  combination  ensues,  and  a  crystalline  body  having 
the  formula  O^oH^gHOl  is  formed ;  this  closely  resembles  camphor 
in  appearance  and  is  known  as  artificial  camphor;  by  heating, 
under  pressure,  with  caustic  potash  this  body  is  decomposed  and 
the  solid  terpene,  camphene,  is  formed.  When  pinene  is  exposed 
to  sunlight  in  the  presence  of  water  a  crystalline  compound  is 
formed  which  has  the  composition  C^q  H^g  Og,  and  is  named  by 
Armstrong  sobrerol.  Pinene  in  contact  with  water  gradually 
combines  with  it,  forming  a  crystalline  hydrate,  terpene  hydrate, 
C|Q  3  Ho  O,  which  is  soluble  in  alcohol,  insoluble  in  turpen- 
tine, slightly  soluble  in  cold  watef,  a  little  more  freely  in  hot 
water,  and  sparingly  soluble  in  ether,  chloroform  and  carbon 
bisulphide. 

There  are  two  varieties  of  pinene,  which  differ  from  one  another 
simply  in  their  action  on  a  ray  of  polarised  light.  One  variety, 
that  in  French  turpentine,  turns  the  ray  to  the  left,  and  is 
distinguished  as  Isevo-pinene,  the  other  is  found  in  American 
turpentine,  and  turns  the  ray  to  the  right,  and  is  named  dextro- 
pinene.  The  air-oxidation  and  other  products  from  the  two 
terpenes  differ  from  one  another  in  the  same  manner.  A  mixture 
of  the  two  pinenes,  in  equal  proportions,  would  have  no  action 
on  polarised  light,  and  gives  rise  to  inactive  oxidation  products. 
American  turpentine  contains  both  pinenes,  the  dextro  variety 
predominating. 

Sylvestrene  is  the  characteristic  terpene  of  Russian  and 
Swedish  turpentine,  derived  from  the  Scotch  pine,  Pinus  sylvestris. 
It  is  a  colourless,  or  water-white  limpid  liquid,  having  a  specific 
gravity  of  0-846  at  20°  C. ;  it  boils  at  175°  C.  It  has  a  dextro- 
rotatory action  on  polarised  light;  the  Isevo-rotatory  and  inactive 
varieties  are  not  known.  Dry  hydrochloric  acid  gas,  when 
passed  through  sylvestrene,  forms  an  hydrochloride,  C;^^ H^g HOI, 
which  is  liquid.  In  this  respect  this  terpene  differs  from  pinene; 
it  is  also  more  easily  oxidised  when  exposed  to  air  and  light. 


416 


PAINT  VEHICLES, 


The  other  terpenes  are  of  no  practical  importance  to  the  painter. 
Commercial  French  and  American  turpentine  is  a  water- white, 
limpid  liquid,  with  a  peculiar  and  characteristic  odour  that  dis- 
tinguishes it  from  all  other  bodies.  The  specific  gravity  ranges 
from  0*864  to  0*870,  but  usually  is  about  0*867.  French  turpentine 
is  a  little  more  uniform  than  American  turpentine  in  this  re- 
spect. It  begins  to  boil  at  from  156°  to  160°  C,  and  is  completely 
distilled  at  170°  C.  If  the  sample  be  fresh,  there  is  little  or  no 
residue  left  behind,  but  old  samples  generally  leave  a  slight 
residue  of  resinous  matter,  which  in  any  case  does  not  amount 
to  more  than  1  per  cent,  of  the  turpentine. 

Turpentine  is  readily  combustible,  burning  with  a  smoky 
flame,  a  pecuHar  and  characteristic  odour  being  evolved.  The 
flashing  point  of  ordinary  turpentine  is  36°  to  38°  C.  (97°  to 
100°  F.). 

Turpentine  is  readily  miscible  with  ether,  carbon  bisulphide, 
alcohol,  benzene,  petroleum  spirit,  but  it  is  insoluble  in  water. 
It  is  a  good  solvent  for  oils,  fats,  resins,  &c. 

On  exposure  to  the  air  in  bulk,  turpentine  absorbs  oxygen 
slowly  from  the  atmosphere,  becoming  thick  and  viscid  or  fatty 
in  ap23earance.  A  prolonged  exposure  causes  the  turpentine  to 
become  resinous,  part  of  the  turpentine  volatilising  during  the 
exposure.  In  thin  layers,  such  as  would  be  formed  when  turpen- 
tine is  spread  over  a  surface  with  a  brush,  a  condition  of  affairs 
which  occurs  in  painting,  there  is  less  oxidation,  as  a  larger 
proportion  of  the  turpentine  volatilises  away,  and  the  oxidation 
of  the  residue  is  more  complete,  so  that  a  hard  resinous  product 
is  the  result.  This  property  distinguishes  turpentine  from  all 
the  other  spirituous  liquids  used  by  the  painter  and  varnish 
maker.  These  evaporate  completely  away,  and  consequently 
leave  no  residue  behind  which  can  act  as  a  binding  agent  for 
the  pigment  or  colouring  matter  of  the  paint;  whereas,  the  resin 
left  when  turpentine  is  used,  acts  as  a  binding  agent,  and  fixes 
or  fastens  the  pigment  of  the  paint  on  the  surface  over  which  it 
is  spread.  American  has  greater  absorbing  powers  for  oxf  gen 
than  French  turpentine. 

Exposed  to  the  air  in  contact  with  water,  turpentine  forms  a 
solid  crystalline  product,  having  the  composition  C^q  H^g  O,^. 
This  has  been  named  sobrerol;  the  melting  point  is  150°  C.  for 
the  active  variety,  and  130*5°  to  131°  C.  for  the  inactive  variety. 
The  crystals  belong  to  the  rhombic  system,  the  inactive  variety 
being  of  a  different  form  to  the  active  varieties.  They  are  some- 
what soft  and  flexible,  and  are  soluble  in  alcohol. 

When  repeatedly  distilled  with  strong  sulphuric  acid,  turpeu- 
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tine  becomes  polymerised.  Generally  two  bodies  are  formed. 
One  of  these  has  been  named  terebene,  which  has  the  same 
formula  (C-^q  H-^^j)  as  turpentine,  and,  when  pure,  boils  at  160°  C. 
The  other  body  has  been  named  colophene,  has  the  formula  H32, 
and  boils  at  300°  C.  It  constitutes  the  main  product  of  the  reaction. 
This  property  of  polymerisation,  which  is  essentially  a  conversion 
from  a  spirit  boiling  at  a  low  temperature  into  a  spirit  boiling  at 
a  high  temperature,  distinguishes  turpentine  from  any  of  its 
substitutes. 

Nitric  acid  acts  very  energetically  on  turpentine,  the  result 
varying  with  the  strength  of  the  acid  used.  If  strong  enough, 
the  turpentine  may  take  fire;  in  any  case,  various  oxidation 
products  are  obtained. 

Chlorine,  bromine,  and  iodine  act  with  great  energy  on  turpen- 
tine; great  care  must  be  taken  in  bringing  these  bodies  into 
contact  with  one  another  or  explosions  may  occur. 

Turpentine  has  a  strong  action  on  polarised  light,  a  property 
which  distinguishes  it  from  benzene,  petroleum  spirit,  and  rosin 
spirit.  French  turpentine  rotates  the  ray  to  the  left,  its  specific 
value  being  -  30,  and  is  fairly  constant,  showing  that  French 
turpentine  has  a  very  uniform  composition ;  this  fact  is  also 
shown  by  its  regular  specific  gravity  and  by  its  steady  distillation 
temperature.  The  specific  rotation  of  the  pure  terpene,  tereben- 
thene,  is  -  40.  American  turpentine  rotates  the  ray  to  the  right, 
but  the  variation  of  the  value  in  different  samples  is  very  great ; 
ordinary  commercial  samples  give  specific  values  ranging  from 
+  8  to  +  16 ;  the  pure  terpene  has  a  specific  rotation  of  +  21  "5. 
It  is  quite  possible  that  American  turpentine  contains  a  small 
quantity  of  a  Isevo-terpene,  the  quantity  of  which  varies  in 
amount  and,  consequently,  the  specific  rotation  must  vary  also. 
The  air  oxidation  products  (sobrerol)  in  their  action  on  polarised 
light  vary  with  the  turpentine  from  which  they  are  obtained ; 
that  from  French  turpentine  rotates  the  ray  to  the  left  with  a 
fairly  uniform  specific  value,  while  that  from  American  tur- 
pentine is  rather  variable  and  can  be  separated  into  two 
varieties,  one  with  a  +  and  the  other  with  a  -  specific  rotation; 
while,  by  mixing  the  two  in  equal  proportions,  an  inactive 
variety  can  be  obtained.  Burmese  turpentine  from  Pinus 
Khasyana,  which  resembles  French  and  American  turpentine  in 
its  general  properties,  differs  by  having  a  strong  and  uniform 
+  rotation. 

Russian  turpentine  resembles  American  turpentine  in  many 
of  its  properties,  such  as  solvent  and  soluble  features,  action  of 
nitric  acid,  sulphuric  acid,  chlorine,  (fee.     It  is  rather  more 
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variable  in  composition  and  specific  gravity,  which  latter  varies 
from  0*862  to  as  high  as  0*873.  It  begins  to  boil  at  about 
156°  C,  but  is  not  completely  distilled  below  180°  C,  the  great 
bulk  passing  over  between  172°  and  174°  C. ;  this  greater  range 
of  distilling  temperature  points  to  a  more  complex  composition 
than  that  of  other  turpentines.  It  has  an  odour  resembling  that 
of  American  turpentine,  but  differing  slightly  therefrom.  It  is 
rather  more  volatile.  It  rapidly  absorbs  oxygen  from  the  at- 
mosphere, becoming  very  viscid ;  partly  on  this  account  and 
partly  on  account  of  its  stronger  odour,  Kussian  turpentine  has 
not  come  so  much  into  use  in  making  paints.  It  is  said  to 
induce  headache  when  being  used  j  this  phenomenon  will  depend 
a  great  deal  on  the  physiological  idiosyncrasies  of  particular 
individuals.  The  oxidation-product  which  is  formed  has,  accor- 
ding to  Kingzett,  the  composition  C^q  H;^^  O^,  and  he  has  named 
it  camphoric  peroxide ;  on  heating  with  water,  this  gives  rise  to 
the  formation  of  camphoric  acid,  C^q  H^q  O^,  and  hydrogen 
peroxide,  Og.  On  this  property  of  Russian  turpentine  is 
based  its  use  in  the  preparation  of  the  disinfectant,  "  Sanitas." 

Russian  turpentine  exerts  a  strong  rotary  action  on  polarised 
light,  the  specific  value  varying  as  much  as  from  +  15  to  +  23, 
while  the  pure  terpene,  sylvestrene,  has  a  specific  rotation  of 
+  19,  which  shows  that  the  commercial  turpentine  must  contain 
terpenes  of  higher  rotary  power,  the  amount  of  which  varies  in 
different  samples.  In  all  other  properties  Russian  turpentine 
resembles  American  turpentine. 

Of  late  years  a  great  many  substitutes  for  turpentine  have 
been  placed  on  the  market  under  a  variety  of  fancy  names, 
"patent  turpentine,"  " turpentyne,"  " turpenteen,"  &c.  These 
will  be  discussed  later  on. 

Turpentine  is  frequently  adulterated,  the  adulterants  usually 
added  being  petroleum  spirit,  shale  naphtha,  rosin  spirit,  and 
coal-tar  naphtha.  The  fact  of  the  adulteration  and  the  nature  of 
the  adulterant  added  is  easily  ascertainable,  but  the  question  of 
proportion  of  adulteration  is  a  more  difficult  matter  to  ascertain, 
and  demands  the  exercise  of  some  considerable  care  and  skill  on 
the  part  of  the  analyst. 

The  property  of  acting  on  polarised  light  distinguishes  turpen- 
tine from  all  bodies  used  to  adulterate  it ;  the  specific  value  for 
each  variety  of  turpentine  has  already  been  given ;  the  presence 
of  other  bodies  tends  to  reduce  these  values  in  proportion  to  the 
extent  of  the  adulteration. 

The  specific  gravity  is  a  good  indicator  of  adulteration,  as,  with 
the  exception  of  coal-tar  naphtha,  the  addition  of  other  spirits  tends 
to  cause  it  to  vary  from  the  normal  average  of  0*867. 
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The  addition  of  any  of  the  adulterants  named  has  a  material 
influence  on  the  temperature  at  which  the  turpentine  begins  to 
boil  and  those  at  which  it  distils.  Genuine  turpentine  does  not 
begin  to  distil  below  150°  to  156°  C,  the  thermometer  rising  slowly 
from  this  point.  In  the  case  of  French  or  American  turpentines 
all  is  distilled  over  before  the  temperature  attains  170'  0.,  while 
with  Russian  turpentine  the  temperature  may  reach  180°  C» 
before  all  is  distilled.  The  greater  portion  of  the  turpentine 
passes  over  between  158°  and  161°  C.  with  American  or  French 
turpentines,  while  at  least  93  to  95  per  cent,  passes  over  below 
165°  C.  The  great  bulk  of  Russian  turpentine  passes  over  be- 
tween 170°  and  175°  C.  Adulterated  turpentine  begins  to  distil 
much  below  150°  0.,  in  some  cases  below  80°  C,  according  to  the 
nature  of  the  adulterant  added ;  from  the  point  at  which  the 
sample  begins  to  distil  there  is  a  gradual  increase  of  temperature; 
the  thermometer  rises  slowly,  and  in  some  cases  the  distillation 
is  not  complete  at  200°  C.  By  comparing  the  temperature  at 
which  the  sample  distils  with  the  distillation  temperatures  of  the 
possible  adulterants  as  given  in  the  descriptions  of  these  bodies 
some  idea  of  the  nature  and  the  approximate  amount  added  of 
the  adulterant  may  be  obtained. 

The  simplest  method  of  ascertaining  the  distillation  temper- 
atures of  turpentine  is  by  means  of  a  retort;  this  should  have 
the  capacity  of  150  c.c.  and  be  provided  with  a  stopper.  Through 
the  tubulure  is  passed  a  thermometer;  100  c.c.  of  the  turpentine 
is  measured  into  the  retort;  the  bulb  of  the  thermometer  is  com- 
pletely immersed  in  the  liquid ;  while  the  beak  of  the  retort  is 
connected  with  a  Liebig's  condenser.  A  cylindrical  measuring 
glass  of  100  c.c.  capacity  serves  as  a  receiver.  Heat  is  applied  to 
the  retort,  and  the  temperature  at  which  the  liquid  enters  into 
ebullition,  and  gives  off  vapour  which  condenses  in  the  beak  of 
the  retort  is  noted;  the  rise  of  thermometer  and  the  quantity  of 
distillate  collected  in  the  receiver  is  also  noted  from  time  to  time. 
The  distillation  need  not  be  carried  to  complete  dryness,  but  may 
be  stopped  when  about  5  per  cent,  is  left  in  the  retort. 

The  distillation  may  be  carried  out  in  a  fractionating  flask, 
which  is  a  flask  fitted  with  a  tube  in  the  side  of  the  neck,  which 
tube  is  connected  with  a  condenser.  Into  the  mouth  of  the  flask 
is  fitted  a  thermometer,  the  bulb  of  which  is  arranged  to  be 
opposite  the  side  tube.  100  c.c.  of  the  sample  is  measured  into 
the  flask  and  the  sample  distilled  as  before.  More  uniform 
results  can  be  obtained  by  using  a  fractionating  flask  than  with 
a  retort,  the  thermometer  registering  more  accurately  the  temper- 
ature of  the  vapour  as  it  passes  to  the  condenser. 

Petroleum  or  shale  naphtha  in  turpentine  may  be  detected  by 
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the  flash  point,  which  in  genuine  turpentine  is  about  90°  to  100' 
P.,  while  the  naphthas  flash  at  60°  to  70°  F. ;  the  addition  of 
10  per  cent,  of  these  is  sufficient  to  afiect  the  flash  point.  A 
method  of  ascertaining  the  addition  and  the  amount  of  these 
bodies  can  be  based  on  the  fact  that  while  turpentine  can  be  dis- 
tilled in  a  current  of  steam,  the  shale  and  petroleum  naphthas 
cannot.  Into  a  retort  is  placed  100  c.c.  of  turpentine,  which  is 
gently  heated  by  means  of  a  Bunsen  burner ;  through  the  retort 
is  passed  a  current  of  steam  generated  by  boiling  water  in  a  flask, 
the  steam  from  which  is  passed  through  the  turpentine  in  the 
retort.  The  distillation  is  carried  on  until  no  more  spirit  passes 
over,  a  Liebig's  condenser  being  used  to  condense  the  vapours 
which  pass  over.  Under  these  conditions  genuine  turpentine 
does  not  leave  more  than  0*2  per  cent,  of  unvolatile  residue  if 
fresh ;  old  samples  may  leave  as  much  as  0*5  per  cent.  Any 
residue  above  0*5  per  cent,  which  may  be  left  in  the  retort  may 
be  considered  to  be  evidence  of  adulteration,  and  its  nature  can 
be  ascertained  by  a  few  experiments.  Those  portions  of  the 
naphthas  from  either  shale  or  petroleum  which  are  volatile  below 
100°  C.  will  pass  over  with  the  turpentine ;  in  this  event  the 
distillate  will  have  a  specific  gravity  below  0*800,  as  a  rule. 

Rosin  spirit  is  rather  more  difficult  to  detect  when  it  is  used 
for  adulterating  turpentine.  It  increases  the  specific  gravity.  Its 
wide  range  of  distilling  temperatures  and  its  odour  are  sufficient 
to  detect  it,  but  there  is  no  satisfactory  method  of  determining 
the  proportion  which  may  have  been  added ;  the  steam  distillation 
process  gives  the  best  results. 

Coal-tar  naphtha  is  not  much  used  for  adulterating  turpentine; 
it  has  much  about  the  same  specific  gravity,  flashes  at  about  the 
same  temperature,  has  a  wider  distilling  range  of  temperature,  is 
more  volatile,  and  has  a  peculiar  odour. 

A  table  will  be  found  on  p.  428  giving,  in  a  comparative  form, 
a  synopsis  of  the  properties  of  turpentine  and  its  adulterants, 
which  will  be  found  useful  in  making  the  analysis  of  an  adul- 
terated sample. 

TURPENTINE  SUBSTITUTES.  —  A  number  of  these 
bodies  are  now  offered  to  painters  under  various  fancy  names, 
(see  p.  418).  The  composition  of  these  bodies  necessarily  varies; 
some  are  simply  heavy  petroleum  hydrocarbons  of  about  0*790 
specific  gravity  and  flashing  at  about  120°  F.  An  example  of 
such  will  be  found  on  p.  425.  Others  are  mixtures  of  turpentine, 
rosin  spirit,  and  benzoline,  in  various  proportions,  while  others 
contain  only  rosin  spirit  and  petroleum  light  oils. 

The  properties  of  these  bodies  will  be  those  of  their  various 
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constituents,  and  these  will  be  found  described  in  their  proper 
places.  They  are  more  or  less  efficient  substitutes,  but  whether 
they  are  good  or  bad  depends  entirely  on  their  composition; 
none  are  equal  to  turpentine  for  paint-making. 

ROSIN  SPIRIT.— When  rosin  (see  p.  411)  is  subjected  to 
distillation  (p.  403),  either  by  fire  heat  alone  or  with  the  aid  of 
superheated  steam,  there  is  obtained,  as  one  of  the  products,  a 
light  volatile  spirit,  which,  when  crude,  has  a  dark  brown  colour. 
As  a  rule,  the  proportion  of  rosin  spirit  obtained  is  small ;  when 
fire  heat  alone  is  used  only  about  3  per  cent,  is  obtained ;  if  super- 
heated steam  is  employed  from  10  to  15  per  cent,  is  obtained. 
This  rosin  spirit  is  refined  by  treating,  first  with  sulphuric  acid, 
next  with  caustic  soda,  and  then  redistilling  the  washed  spirit. 

Rosin  spirit  is  a  limpid,  water-white  liquid ;  the  colour  varies 
with  the  degree  with  which  the  refining  has  been  done.  It  has 
a  peculiar  and  characteristic  terpene  odour.  Its  specific  gravity 
varies  considerably,  from  0*876  to  0*883,  but  it  is  invariably 
heavier  than  turpentine.  Exposed  to  the  air,  it  volatilises  in 
part  and  partly  oxidises,  the  result  of  the  oxidation  being  the 
formation  of  a  resinous  residue,  as  is  the  case  with  turpentine, 
but  not  to  the  same  extent.  It  flashes  at  from  36°  to  38°  0. 
(97°  to  102"  F.). 

On  heating  in  a  retort  or  flask,  rosin  spirit  enters  into  ebulli- 
tion and  distils  over ,  the  temperature  rises  during  the  whole  of 
the  time  of  boiling.  The  temperature  when  boiling  begins,  the 
rapidity  of  distillation,  and  the  temperature  below  w^hich  it  is  all 
distilled  over  varies  much.  A  sample  examined  by  the  author 
gave  the  following  figures  : — 


First  drop  came  over  at  . 

5  per  cent,  came  over  below  . 

8  per  cent,  more  came  over  below 
11 

)>  >> 
2        >)  )) 
13        ),  }) 

6  „ 
8  )) 


117°  0. 
127°  C. 
137°  C. 
149°  C. 
159°  C. 
169°  C. 
179°  C. 
190°  C. 
200°  C. 
220°  C. 
237°  C. 


When  the  operation  was  stopped,  18*25  per  cent,  remained  in 
the  flask  ;  this  is  rather  a  heavy  sample ;  some  samples  will  distil 
more  completely.  It  may  be  laid  down  as  a  rule  that  a  spirit 
completely  distilling  below  240°  0.  is  better  for  use  in  paint- 
making  than  one  distilling  above  that  temperature.  The  con- 
tinual increase  of  temperature  during  the  process  of  distillation 
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is  a  point  of  distinction  from  turpentine,  and  points  to  complexity 
in  the  composition  of  rosin  spirit. 

Rosin  spii^it  is  insoluble  in  water  and  alcohol,  but  is  soluble  in 
ether,  or  a  mixture  of  alcohol  and  ether,  as  also  in  turpentine, 
chloroform,  and  petroleum  spirit.  Nitric  acid  acts  on  it  rather 
less  energetically  than  on  turpentine,  forming  with  it  a  dark 
scarlet  mixture ;  hydrochloric  acid  has  but  little  action.  Sul- 
phuric acid  forms  a  dark  red  mixture ;  probably  there  is  some 
polymerisation. 

In  composition  rosin  spirit  is  a  mixture  of  several  hydro- 
carbons the  exact  nature  of  which  has  not  yet  been  thoroughly 
worked  out.  From  rosin  spirit  has  been  isolated  heptine,  0^  Hj2, 
a  colourless,  limpid  liquid,  having  a  specific  gravity  of  0*8031, 
and  boiling  at  103°  to  104°  0.;  on  exposure  to  the  air  it  absorbs 
oxygen.  Sulphuric  acid  polymerises  it  with  the  formation  of 
diheptine,  C^^  H24,  which  boils  at  from  235°  0.  to  250°  C,  and 
which,  on  exposure  to  the  air,  rapidly  absorbs  oxygen  and  resini- 
fies.  Heptine  exposed  to  air  in  the  presence  of  water  forms 
crystals  having  the  formula  0^  -^2  ^-  combines 

with  bromine  to  form  the  compound  0^  H;,^2  ^^2'  which  is  a  heavy 
yellow  oil.  In  light  rosin  spirit,  containing  constituents  boiling 
below  100°  0.,  there  have  been  found  hexylene,  Cg  H;^2)  amy- 
lene,  Cg  H^g. 

Rosin  spirit  is  the  best  substitute  for  turpentine  known,  and 
is  capable,  when  of  good  quality,  of  replacing  it  for  all  purposes. 
The  chief  objection  to  it  lies  almost  entirely  in  its  odour,  which 
is  not  so  pleasant  as  that  of  turpentine.  Then,  again,  if  sufficient 
care  has  not  been  taken  in  refining  it,  it  is  apt  to  contain  traces 
of  rosin  oil,  which  would  prevent  it  from  drying  properly.  The 
specific  gravity  of  a  good  sample  of  rosin  spirit  should  not  exceed 
0-880,  and  all  should  distil  below  250°  C. ;  it  may  be  taken  for 
granted  that  any  residue  left  at  temperatures  above  250°  0. 
will  consist  chiefly  of  rosin  oil,  which  reduces  the  value  of  the 
rosin  spirit,  owing  to  its  want  of  drying  properties.  Rosin 
spirit  is  used  in  making  some  of  the  turpentine  substitutes 
which  are  now  so  common. 

The  only  possible  adulterants  for  rosin  spirit  are  shale 
naphtha  and  petroleum  benzoline — the  presence  of  which  can 
be  ascertained  by  the  application  of  the  tests  for  specific 
gravity,  flash  point,  and  distillation  temperatures,  as  in  the 
case  of  turpentine. 

Rosin  spirit  is  largely  used  in  making  cheap  varnishes,  using 
rosin  (as  the  body),  gum,  and,  occasionally,  colouring  the  varnish 
with  pigments. 
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SHALE   SPIRIT  or  SHALE  NAPHTHA.— When  the 

shale  found  in  the  South  of  Scotland,  in  the  district  lying 
between  Glasgow  and  Edinburgh,  is  distilled  at  a  comparatively 
low  temperature,  there  is  given  off  a  quantity  of  tarry  matter 
known  as  "crude  oil;''  this  is  a  product  of  very  complex 
composition,  which,  on  redistillation,  gives  a  purer  product 
known  as  "once-run  oil."  This  is  further  refined  by  treatment, 
first,  with  sulphuric  acid  (to  remove  basic  impurities),  and 
then  with  caustic  soda  (to  remove  acid  impurities) ;  finally,  it  is 
distilled,  when  it  yields  three  chief  products — "green  naphtha," 
"  twice-run  light  oil,"  and  "  green  oil."  The  two  latter  do  not 
interest  painters. 

The  "green  naphtha"  is  refined  by  treatment  with  sulphuric 
acid,  caustic  soda,  and  redistilling,  when  there  is  obtained  a 
very  limpid,  water-white  liquid,  known  commercially  as  "  naph- 
tha" or  "shale  spirit";  the  yield  is  about  5  per  cent,  of  the 
crude  oil. 

Shale  naphtha  is  a  water-white,  very  limpid  liquid,  having  a 
specific  gravity  of  0*730  to  0*760,  and  a  slight  odour.  It  is 
insoluble  in  water  and  alcohol,  but  mixes  freely  with  ether, 
turpentine,  benzol,  &c. ;  while  it  readily  dissolves  all  oils 
(except  castor  oil),  some  of  the  resins  (such  as  gum  dammar)  in 
the  natural  state,  and  nearly  all  when  they  have  been  partially 
decomposed  by  fusion.  It  is  very  volatile,  and,  unlike  either 
turpentine  or  rosin  spirit,  evaporates  without  leaving  any 
residue  behind. 

It  is  inflammable,  readily  taking  fire  at  ordinary  tempera- 
tures, which  is  one  objection  to  its  use.  It  begins  to  boil  below 
100°  C.,  and  is  generally  completely  distilled  over  below  190°  C. ; 
the  range  of  temperature  and  the  proportion  which  distils  over 
varies  with  different  makes.  A  sample  (sp.  gr.,  0*760)  tested 
by  the  author  distilled  as  follows  : — 

First  drop  at   71°  C. 

3  per  cent,  came  over  below  ....  90°  C. 

10      „  „  ....  120^0. 

23      „  „  ....  143°  0. 

43      „  „  ....  150°  C. 

60      „  „  ....  160°  0. 

70      „  „  ....  170°  C. 

81      „  „  ....  180°  C. 

90      „  „  ....  190°  C. 

A  naphtha  of  0*730  specific  gravity  will  boil  at  lower  tempera- 
tures than  these. 

Acids  and  caustic  alkalies  have  no  action  on  shale  spirit.  It 
absorbs  a  small  quantity  of  bromine  or  iodine. 
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Shale  naphtha  is  a  complex  mixture  of  hydrocarbons  belong- 
ing to  the  two  series,  paraffins  and  olefines,  the  latter  forming 
about  60  per  cent,  of  the  naphtha.  There  have  been  found 
hexene,  0^  y  heptene,  H^^  ;  octene,  Cg  H^g  ;  and  nonene, 
Cg  Hjg  among  the  olefines  :  hexane,  Cg  H^^  ;  heptane,  H^g ; 
octane,  Og  H^g ;  and  nonane,  Cq  among  the  paraffins  ;  but 
other  members  of  these  two  series  are  present. 

Shale  naphtha  is  largely  used  as  a  substitute  for  turpentine, 
and  on  the  whole  is  a  good  material  for  the  purpose.  It  is 
distinguished  from  both  turpentine  and  rosin  spirit  by  its  much 
lower  gravity,  its  flash  point,  its  indefinite  boiling  point,  the 
low  temperatures  at  which  it  distils,  by  not  being  affected  by 
sulphuric  acid,  and  by  not  being  completely  distilled  in  a 
current  of  steam  as  is  turpentine. 

BENZOLINE,  Benzine,  or  Petroleum  Spirit. — When  the 
petroleum  obtained  from  the  oil  wells  of  North  America  is 
subjected  to  distillation  three  products  are  obtained — viz., 
naphtha,"  "kerosine,"  and  "residuum.'' 

The  "  naphtha "  is  refined  by  treating  with  sulphuric  acid, 
then  with  caustic  soda,  and  distilling,  when  three  products  are 
obtained — viz.,  '^gasoline,"  "benzoline,"  and  "naphtha.'^  The 
first — gasoline — is  a  very  light  product,  having  a  specific 
gravity  varying  from  0'680  to  0*700,  and  is  used  only  for 
special  purposes.  The  other  two  products  are  sold  indiscrimi- 
nately under  the  names  of  ^'benzoline,"  ^'  benzine,"  and  "petro- 
leum spirit."  These  products  vary  much  in  quality.  They 
are  water-white,  very  limpid  liquids  having  a  specific  gravity 
ranging  from  0'730  to  0*760,  but  heavier  samples  are  met  with. 

In  its  general  properties  benzoline  resembles  the  shale 
naphthas ;  what  is  generally  sold  under  that  name  has  a  specific 
gravity  of  about  0*730  ;  it  flashes  and  takes  fire  at  the  ordinary 
temperature ;  it  begins  to  distil  at  about  65°  C,  and  is  usually 
completely  volatilised  at  150°  0. 

A  sample  tested  by  the  author  gave  the  following  results  : — 


First  drop  came  over  at  . 

65^  C. 

5  per  cent.  , 

,  below 

70°  C. 

14  „ 

>           j>         •  • 

75°  C. 

22  „ 

)           >>         •  • 

80°  C. 

31      „  , 

i               i  y            •  • 

85°  C. 

46  „ 

>               j>             •  • 

90°  C. 

58      ,,  , 

>               »>             •  • 

95°  C. 

64  „ 

}               >j             •  • 

.     100°  c. 

70  „ 

>               j>             •  • 

.     105°  C. 

80  „ 

>               >>             •  • 

.     110°  c. 

90 

i               l>             •  • 

.     120°  C. 
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This  is  a  light  sample ;  usually  only  about  50  per  cent,  distils 
over  below  100°  0.;  and  some  samples  do  not  contain  any  portion 
distilling  below  100°  C. 

In  its  general  features,  chemical  composition,  and  uses, 
petroleum  spirit  resembles  shale  spirit ;  it  contains,  however,  a 
larger  proportion  of  the  paraffin  hydrocarbons. 

Certain  substances  are  met  with  in  the  market,  and  sold  as 
turpentine  substitute,"  and  other  fancy  names  more  or  less 
resembling  turpentine,  which  are  petroleum  and  paraffin  pro- 
ducts rather  heavier  than  naphtha.  A  sample  of  such  examined 
by  the  author  had  a  specific  gravity  of  0*7 9 13,  a  flash  point  of 
36°  C.  (97°  F.),  and  began  to  distil  at  156°  0.,  the  rate  of  distilla- 
tion being  as  follows  : — 


25  per  cent,  below   180°  C. 

50        „        „   200°  C. 

70        „        „   210°  C. 

76        „        „   215°  C. 


No  further  portion  was  distilled. 

Such  products  are  rather  slow  in  drying,  but  they  are  better 
substitutes  than  petroleum  spirit,  because  they  are  less  inflam- 
mable, and  there  is,  therefore,  less  risk  of  fire  in  using  them. 
They  do  not  oxidise  or  leave  any  residue  on  evaporation. 

COAL-TAR  WAPHTHA. — Coal-tar  naphtha  is  not  much 
used  in  paint-making;  but  in  the  preparation  of  varnishes  it  finds 
some  use.  It  is  one  of  the  products  obtained  during  the  distilla- 
tion of  coal-tar.  In  this  operation  several  products  are  obtained, 
the  proportion  and  nature  of  which  depends  partly  upon  the  com- 
position of  the  tar  and  partly  upon  the  manner  in  which  it  is 
distilled.  Among  the  products  is  a  light  oil  or  spirit  of  a  dark 
brown  colour,  known  as  "naphtha"  or  'Might  oil;"  in  specific 
gravity  it  ranges  from  0-840  to  0*940.  Its  odour  is  character- 
istic, but  somewhat  disagreeable.  Its  composition  is  complex, 
containing  hydrocarbons  of  the  paraffin  and  olefine  series  in  small 
quantities,  but  its  characteristic  constituents  are  hydrocarbons 
of  the  benzene  series,  such  as  benzene,  CgHg;  toluene,  Hg ; 
xylene,  Cg  Hjq;  cumene,  CgH^^l  d^^rene,  C^^qH^^^;  besides  these 
it  contains  ammonia,  aniline,  toluidine,  and  other  nitrogenous 
bodies;  alcohol,  phenol,  acetic  acid,  and  sulphur  compounds. 

It  is  purified  by  re-distillation,  when  what  is  called  "  once  run 
naphtha  "  is  obtained ;  this  is  further  purified  by  treatment  with 
sulphuric  acid,  which  removes  all  the  basic  bodies,  the  hydro- 
carbons of  the  olefine  and  crotonylene  series,  and  the  higher 
members  of  the  benzene  series.    After  separating  the  acid  from 
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the  semi-purified  naphtha,  the  latter  is  treated  wtih  caustic  lime 
or  caustic  soda,  which  removes  all  the  oxygen  and  sulphur  com- 
pounds ;  finally,  the  naphtha  is  well  washed  with  water,  and  is 
then  ready  to  be  finally  purified  by  a  re-distillation. 

Once  run  naphtha  has  a  specific  gravity  of  0*886  to  0*893,  and 
is  the  raw  material  for  the  preparation  of  90  per  cent,  benzol, 
"  50/90  per  cent,  benzol,"  30  per  cent,  benzol,  solvent  naphtha, 
and  burning  naphtha,  as  the  commercial  products  are  named. 

The  benzols  are  light  products  used  in  the  manufacture  of 
aniline  dyes.  Burning  naphtha,  which  has  a  specific  gravity  of 
about  0*880  to  0*887,  is  sold  for  burning  in  out-door  lamps, 
especially  costermongers'  lamps,  although  it  has  of  late  been 
largely  displaced  by  the  petroleum  oils  for  this  purpose. 

Solvent  or  coal-tar  naphtha  is  largely  used  in  the  india-rubber 
industry,  and  for  making  varnish.  It  is  a  water-white  liquid, 
having  a  peculiar  and  characteristic  odour  of  coal-tar  hydro- 
carbons ;  in  specific  gravity  it  varies  somewhat,  the  usual  range 
being  between  0*865  to  0*877.  On  being  subjected  to  distilla- 
tion, it  gives  from  8  to  30  per  cent,  of  distillate  below  130°  C, 
while  as  a  rule  90  per  cent,  distils  over  below  160°  0.  It 
burns  with  a  very  smoky  flame,  and  is  very  inflammable,  the 
flash  point  being  about  120°  F.  It  is  miscible  with  alcohol,  ether, 
turpentine,  petroleum  spirit,  shale  naphtha,  and  other  similar 
solvents,  while  it  is  a  good  solvent  for  oils,  fats,  resins,  and  is 
almost  the  only  solvent  for  coal-tar  pitch,  and  other  pitches. 

In  composition  it  is  very  complex,  but  it  consists  chiefly  of  the 
three  isomeric,  para-,  meta-,  and  ortho-xylenes,  Cg  H^^q,  cumenes, 
small  quantities  of  paraffins  and  olefines,  and  occasionally  traces 
of  naphthalene.  Sulphuric  acid  has  little  or  no  action  on  coal- 
tar  naphtha,  but  nitric  acid  has  a  powerful  action,  and  trans- 
forms the  coal-tar  hydrocarbons  into  the  nitro  derivatives,  nitro- 
xylenes,  OgH^NOg;  nitro-cumenes,  &c.  Hydrochloric  acid, 
caustic  soda,  and  caustic  potash  have  no  action  on  it. 

It  is  used  in  making  cheap  quick-drying  varnishes,  rosin  being 
the  usual  substance  added  to  give  the  requisite  coat ;  it  is  more 
volatile  than  turpentine,  although  it  does  not  leave  any  residue 
behind  it. 

Commercial  coal-tar  naphtha  is  occasionally  adulterated  with 
petroleum  or  shale  spirit,  or  with  petroleum  or  paraffin  burning 
oils ;  in  every  case  the  specific  gravity  and  flash  points  are 
reduced.  The  addition  of  the  petroleum  and  shale  spirits  causes 
it  to  distil  at  lower  temperatures  and  a  little  more  regularly, 
while  the  burning  oils  raise  the  distillation  temperatures  rather 
considerably. 
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Such  additions  may  also  be  detected  by  treating  the  suspected 
sample  with  a  well-cooled  mixture  of  sulphuric  and  nitric  acids, 
which  converts  all  the  coal-tar  hydrocarbons  into  nitro-com- 
pounds,  while  the  paraffin  or  petroleum  oils  are  unaffected  ;  if 
now  water  is  added,  the  nitro  bodies,  being  heavy,  sink  to  the 
bottom,  while  the  petroleum  hydrocarbons  being  light  rise  to  the 
top,  and  may  be  collected  and  measured.  It  should  be  pointed 
out  that  finding  a  small  amount  of  such  unchanged  hydrocarbons 
does  not  necessarily  indicate  adulteration,  as  coal-tar  naphtha 
naturally  contains  small  quantities  of  paraffin  hydrocarbons. 

The  best  method  of  examining  coal-tar  naphtha  for  its  quality 
is  by  distillation.  The  method  commonly  used  is  the  fol- 
lowing:— 100  cc.  ot  the  naphtha  is  measured  by  means  of  an 
accurate  glass  measure  into  a  tubulated  retort  of  200  cc.  capacity; 
through  the  tubulure  is  inserted  a  thermometer,  the  bulb  of  which 
reaches  within  f  of  an  inch  of  the  bottom  of  the  retort.  The 
beak  of  the  retort  is  connected  with  a  long  Liebig's  condenser, 
and  the  distillation  carried  on  by  means  of  a  Bunsen  burner.  It 
is  best  to  insert  the  bulb  of  the  retort  into  a  deep  sand  bath,  so 
that  if  the  retort  should  crack,  the  naphtha  would  flow  into  and 
be  absorbed  by  the  sand,  and  no  disastrous  results  ensue.  The 
temperature  at  which  the  first  drop  flows  from  the  end  of  the 
condenser  is  noted;  with  naphtha  this  occurs  at  about  110°  C. 
Then  the  rate  of  distillation  is  noted ;  at  120°  0.  about  20  per 
cent,  will  come  over,  at  130°  C.  about  60  per  cent.,  at  140°  0. 
about  72  per  cent.,  and  90  per  cent,  usually  comes  over  below 
150°  C.  Or,  instead  of  taking  the  temperatures,  as  in  the  above 
example,  and  noting  the  quantity  distilled  at  them,  the  tempera- 
ture at  which  each  successive  10  cc,  or  10  per  cent.,  comes  over 
may  be  noted ;  the  results  will  then  be  somewhat  as  follows  : — 
10  per  cent,  at  about  128°  0.,  20  per  cent,  at  130°  C,  30  per  cent, 
at  132°  C,  40  per  cent,  at  135°  C,  50  per  cent,  at  137°  C,  60  per 
cent,  at  140°  0.,  70  per  cent,  at  145°  0.,  80  per  cent,  at  148°  C, 
90  per  cent,  at  158°  0.  Addition  of  petroleum  or  shale  spirits 
increases  the  proportion  distilled  at  the  different  temperatures, 
while  petroleum  or  paraffin  burning  oils  decreases  the  propor- 
tion considerably.  Sometimes  the  makers  take  out  the  lower 
benzene  hydrocarbons  and  thus  reduce  the  value  of  the  coal-tar 
naphtha  for  the  particular  purpose ;  in  such  case,  the  tempera- 
ture of  distillation  will  be  increased. 

The  following  table  shows,  in  a  comparative  form,  the  proper- 
ties of  turpentine,  rosin  spirit,  shale  and  petroleum  spirits,  and 
coal-tar  naphtha : — 
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Turpentine. 

Eosin  Spirit. 

Shale  and 
Petroleum  Spirits. 

Coal-tar 
Naphtha. 

Smell,  cold, 

Peculiar. 

Turpentinous. 

None  or  slight. 

r  Smell  of 
\  coal-tar. 

,,    on  warm-  ) 
ing,  .  \ 

>  > 

Of  rosin. 

Slight. 

/  Smell  of 
\  coal-tar. 

Taste,  .      .  . 

Characteristic 

j  Peculiar 
(  after-taste. 

Variable 
and  slight. 

h  Strong" 
l^rrong. 

Specific  gravity, 

0-867 

0  -883 

0*730-0 '760 

0-870-0-877 

Fluorescence,  . 

None. 

Slight. 

Slight. 

None. 

Rotary  power, 

Strong. 
Slight;  poly-  ) 

>  > 

None. 

Sulphuric  acid  | 

merises  on  > 

Slight. 

Slight. 

heating.  ) 

Nitric  acid, .  . 

Strong. 

>) 

Strong. 

Boiling  point,  . 

156°  C. 

j  High  and 
(  variable. 

Low  and 
variable. 

High  and 
variable. 

Flash  point,  | 

36°  C. 
97°  F. 

37°  C. 
98° -5  F. 

Ordinary 
temperature. 

-4°C. 
20°  F. 

METHYLATED  SPIRIT— Methylated  spirit  is  a  very 
useful  article  in  the  preparation  of  varnishes  and  enamel  paints. 
It  consists  essentially  of  a  mixture  of  two  bodies,  methyl  alcohol 
and  ethyl  alcohol ;  but  in  the  ordinary  commercial  qualities  there 
are  usually  small  traces  of  other  bodies,  some  of  an  ethereal 
character,  others  of  an  acid  character. 

The  alcohols  are  a  very  large  and  important  group  of  chemical 
compounds,  many  of  them  finding  extensive  application  in  the 
various  chemical  arts.  The  type  of  the  group  is  ethyl  alcohol, 
C2  H5  O  H,  the  body  usually  understood  by  the  term  alcohol  when 
used  by  itself  It  is  also  known  as  spirit  of  wine,  for  to  it  is 
due  the  intoxicating  efifect  of  wines,  spirits,  beers,  and  all 
beverages  which  have  undergone  fermentation. 

Pure  ethyl  alcohol  is  a  colourless,  very  limpid  liquid,  having  a 
pleasant  odour  and  a  hot  burning  taste.  It  is  very  volatile  when 
exposed  to  the  air,  passing  off  completely  and  leaving  no  residue 
behind.  It  boils  at  78°-5  C.  (173°  F.)  and  distils  over  completely 
and  unchanged  at  that  temperature.  It  is  only  solidified  when 
subjected  to  the  very  low  temperature  of  -  130°  C.  The  specific 
gravity  of  pure  alcohol  at  15°-5  C.  (60°  F.)  is  0-7935;  but  it  has 
such  an  affinity  for  water  that  the  preparation  of  a  sample 
absolutely  free  from  water  is  exceedingly  difficult,  so  that  the 
gravity  given  above  may  not  be  quite  correct,  but  the  error,  if 
there  Is  any,  is  small.  Alcohol  mixes  with  water  in  all  propor- 
tions ;  if  the  two  bodies  are  fairly  pure  the  proportion  of  alcohol 
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may  be  ascertained  by  simply  determining  the  specific  gravity 
(see  table  on  p.  419).  It  mixes  with  ether,  chloroform,  tur- 
pentine, carbon  bisulphide,  and  benzol,  but  not  with  petroleum 
products.  It  dissolves  fatty  acids  and  castor  oil  readily,  but  it 
has  only  a  slight  solvent  action  on  the  other  fatty  oils.  It 
dissolves  rosin  and  a  few  other  resins,  such  as,  shellac,  sandarac, 
mastic,  more  or  less  completely  ;  but  it  will  not  dissolve  the  hard 
copals,  animi  and  kauri.  It  is  a  powerful  solvent  for  coal-tar 
dyes,  and  other  bodies. 

When  subjected  to  the  action  of  oxidising  agents  it  is  first 
transformed  into  aldehyde,  CH3OOH,  and  then,  finally,  into 
acetic  acid,  C  H3  0  O  O  H. 

It  is  obtained  as  a  product  of  the  fermentation  of  sugar ;  this 
body,  which  is  present  in  grapes,  malt,  and  fruits  of  all  kinds,  if 
kept  under  conditions  which  cause  it  to  enter  into  fermentations 
loses  carbonic  acid  and  water,  while  alcohol  is  formed  in  fair 
proportions ;  this  passes  into  the  water  in  which  the  process  is 
conducted  and  from  which  it  is  separated  by  distillation,  and 
redistillation  with  the  aid  of  quicklime. 

The  alcohol  ordinarily  met  with  in  commerce  is  known  as 
"rectified  spirit  of  v/ine;''  this  has  a  specific  gravity  of  0*838, 
and  contains  86  per  cent,  of  real  alcohol ;  what  is  known  as 
"proof  spirit "  has  a  specific  gravity  of  0*926,  and  contains  49  per 
cent,  of  real  alcohol. 

Alcohol  alone  is  not  used  in  the  preparation  of  varnishes  as 
the  high  rate  of  duty  levied  by  the  Excise  Authorities  prohibits 
its  use  for  this  purpose. 

Methyl  alcohol  is  a  homologue  of  ethyl  alcohol ;  and  has  the 
composition  indicated  by  the  formula  C  II3  O  H.  When  pure  it  is 
a  colourless  liquid,  very  mobile  and  volatile,  which  has  a  fragrant 
spirituous  odour,  and  boils  at  55°  0.  Its  specific  gravity  at  15°'5 
C.  (60°  F.)  is  0-8021,  but  authorities  vary  a  little  on  this  point. 
It  is  miscible  in  all  proportions  with  water,  from  which  it  is  not 
easily  separated  ;  it  also  mixes  freely  with  alcohol,  ether,  tur- 
pentine, &c.,  and  possesses  great  solvent  properties  for  resins,  &c. 

When  subjected  to  the  action  of  oxidising  agents  it  is  first 
changed  into  formaldehyde,  H  0  O  H,  then  into  formic  acid, 
H  C  O  O  H. 

Methyl  alcohol  is  obtained  in  large  quantity  in  the  dry 
distillation  of  wood.  The  wood  is  placed  in  iron  stills  or  retorts 
in  suitable  furnaces,  when  there  come  over  gaseous  vapours, 
which  condense,  partly  into  an  aqueous  layer,  and  partly  into  a 
tarry  mass.  The  aqueous  layer,  which  has  an  exceedingly  com- 
plex composition,  contains  acid,  alcoholic,  phenolic,  ethereal  and 
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other  compounds.  It  is  separated  from  the  tar,  treated  with 
slaked  lime,  and  then  subjected  to  heat;  crude  wood-spirit  distils 
over,  while  impure  acetate  of  lime  is  left  behind  in  the  still. 

The  spirit  is  very  impure,  and  is  further  treated  by  redistilling 
for  quicklime,  then  treating  with  sulphuric  acid  (which  removes 
ammonia  and  methylamine)  and,  finally,  redistilled  with  lime. 

Crude  wood- spirit,  as  obtained  by  the  above  process,  is  a  liquid 
of  complex  composition,  containing  about  95  per  cent,  of  methyl 
alcohol  in  the  best  qualities,  although  some  samples  do  not 
contain  more  than  40  or  50  per  cent.  The  following  bodies  are 
found  in  wood-spirit,  or  wood-naphtha  as  it  is  sometimes  called: — 
Methyl  alcohol,  CH3OH;  acetone  (C  H3)2  C  O,  sp.  gr.  0-792, 
b.  p.  56°-5  0.;  allyl  alcohol,  O3  H5  O  H,  sp.  gr.  0-8604,  b.  p. 
96° '5  C. ;  furfurol,  ketones,  &c. 

The  odour  of  wood-naphtha  is  characteristic  and  somewhat 
unpleasant.  It  is  due  entirely  to  the  impurities  which  are 
present  in  the  spirit.  Its  taste,  for  the  same  reason,  is  ex- 
tremely nauseous;  hence  the  use  of  wood-naphtha  in  making 
methylated  spirit. 

Wood-naphtha  is  used  for  dissolving  gums  and  resins  in 
varnish  making,  and  it  is  worth  noting  that  many  of  the  gums 
are  more  freely  soluble  in  the  crude  wood-naphtha  than  they  are 
in  the  pure  methyl  alcohol.  The  cause  of  this  increased  solvent 
power  of  the  crude  spirit  must  reside  in  the  ethereal  impurities 
it  contains,  many  of  which  dissolve  resins  more  freely  than  does 
methyl  alcohol. 

The  following  reactions  serve  to  distinguish  wood-spirit  from 
pure  methyl  alcohol: — caustic  soda  gives  a  brown  colour,  sul- 
phuric acid  a  red  colour,  which  increases  in  depth  on  heating; 
mercurous  nitrate  gives  a  grey  precipitate  of  mercury. 

Methylated  spirit  is  a  mixture  of  90  parts  of  rectified  spirit 
of  wine  with  10  parts  of  wood-spirit,  and  this  mixture  is  permitted 
by  the  Excise  authorities  to  be  sold,  under  special  regulations, 
for  manufacturing  purposes  free  of  duty,  the  addition  of  the 
wood-spirit  rendering  the  spirit  undrinkable.  Of  late,  however, 
owing  to  improvements  in  the  manufacture  of  the  wood-naphtha, 
much  of  the  nauseous  taste  is  removed,  and  the  methylated 
spirit  now  made  is  not  so  undrinkable.  On  this  account  the 
Excise  authorities  have  recently  compelled  the  addition  of  |  per 
cent,  of  petroleum  oil  to  the  methylated  spirit,  with  the  object 
of  rendering  it  still  more  undrinkable,  but  the  use  of  the  original 
spirit  is  still  by  special  permit  allowed. 

The  methylated  spirit  is  usually  sold  at  a  strength  of  "  64  over 
proof,"  and  has  a  specific  gravity  of  0*821.    It  contains  90  per 
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cent,  of  real  alcohol.  The  meaning  of  the  term  "64  over  proof 
is  that  when  100  volumes  of  this  spirit  is  mixed  with  64  volumes 
of  water,  there  is  obtained  "proof  spirit,"  which  is  a  spirit  of 
such  a  strength  that  when  mixed  with  gunpowder  it  will  not  set 
fire  to  the  powder  when  a  light  is  put  to  it.  The  term  "  proof 
spirit is  very  vague,  and  should  be  done  away  with.  It  would 
be  better  to  sell  the  spirit  according  to  the  actual  quantity  of 
alcohol  it  contains. 

The  strength  of  methylated  spirit  may  be  fairly  accurately 
estimated  from  its  specific  gravity.  Tables  have  been  constructed 
showing  the  quantity  of  alcohol  contained  in  spirit  of  different 
gravities.  Space  cannot  be  spared  in  this  book  for  the  reproduc- 
tion of  those  tables,  but  the  following  table  contains  some  infor- 
mation on  this  point  which  may  be  of  use  : — 


Sp.  Gr.  at 
60°  F. 

Per  Cent,  of 
Alcohol. 

Per  Oent.  of 
Proof  Spirit. 

Sp.  Gr.  at 
60"  F. 

Per  Cent,  of 
Alcohol. 

Per  Cent,  of 
Proof  Spirit, 

0-79384 

100 

175-25 

0-880 

66-7 

129-5 

0-800 

98 

173 

0-890 

62-3 

122-5 

0-810 

94-6 

169-2 

0-900 

58  0 

115-3 

0-820 

91 

164-75 

0-910 

53-57 

107-6 

0-830 

87-2 

159-75 

0-91984t 

49-24 

100 

0-8382* 

84 

155-45 

0-920 

49-16 

99-8 

0-840 

83-3 

154-5 

0-930 

46-64 

91-64 

0-850 

79-3 

148-8 

0*945 

39-8 

85-59 

0-860 

75  1 

142-6 

0-950 

34-5 

82 

0-870 

70-84 

136 

*  Rectified  spirit  of  wine.  f  Proof  spirit. 

Methylated  spirit  generally  has  an  acid  reaction,  due  to  the 
presence  of  small  quantities  of  acetic  acid  and  aldehyde;  besides 
these,  it  contains  traces  of  higher  alcohols  (amyl  alcohol,  propyl 
alcohol),  oily  and  resinous  bodies,  ethereal  compounds,  and  water. 

Methylated  spirit  is  used  in  making  varnishes  from  shellac, 
sandarac,  rosin,  mastic,  dammar,  and  other  resins ;  such  var- 
nishes are  very  quick  in  drying  owing  to  the  volatility  of  the 
methylated  spirit.  It  is  also  used  in  the  preparation  of  enamel 
paints. 

The  quality  of  methylated  spirit  may  be  ascertained  by  distill- 
ing 100  c.c,  when  nearly  all  should  be  distilled  below  100°  C, 
the  great  bulk  passing  over  between  80°  and  90°  C.  The  specific 
gravity  is  also  a  good  indication  of  the  quality,  as  shown  in  the 
table  given  above.    In  making  any  determination  of  the  specific 
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gravity  particular  attention  must  be  paid  to  the  temperature  at 
which  it  is  determined,  as  small  variations  of  temperature  cause 
considerable  alteration  in  the  gravity;  the  standard  temperature 
is  15°-o  0.  (60°  F.).  The  actual  determination  may  be  made  by 
means  of  an  hydrometer — either  the  glass  one ;  or  the  metal 
one,  known  as  Sikes'  hydrometer,  which  is  used  by  the  Excise 
authorities ;  or  the  specific  gravity  bottle  may  be  used. 

Finish  or  methylated  finish  is  methylated  spirit  containing 
about  3  oz.  of  rosin  to  the  gallon.  For  some  purposes  this  may  be 
used  in  the  place  of  methylated  spirit,  as  the  Excise  do  not  place 
so  many  restrictions  on  its  sale.  It  may  be  distinguished  from 
the  pure  spirit  by  its  giving  a  very  copious  white  precipitate 
when  water  is  added  to  it. 

On  the  Continent  distilled  animal  or  "  Dippels  "  oil  is  used  for 
the  denaturing  (or  rendering  undrinkable)  of  alcohol ;  the  use  of 
this  material  has  not  been  adopted  in  this  country. 

The  flash  point  of  methylated  spirit  varies  from  57°  to  60°  P. 
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DRIERS. 

Driers  are  a  class  of  bodies  added  to  oil  for  the  purpose  of 
causing  it  to  dry  quicker  than  it  would  otherwise  do.  The 
bodies  generally  used  for  this  purpose  are  salts  of  iron,  lead, 
manganese,  and  zinc.  The  following  list  comprises  all  the  com- 
pounds used  as  driers  in  paints  and  varnishes  : — Red  lead, 
litharge,  lead  acetate,  lead  borate,  manganese  oxide,  manganese 
sulphate,  manganese  borate,  manganese  oxalate,  zinc  oxide, 
zinc  sulphate,  and  ferrous  sulphate. 

Of  these,  the  lead  salts  are  most  in  use ;  the  manganese  com- 
pounds are  largely  used ;  the  others  but  rarely. 

Red  Lead  is  fully  described  on  p.  104,  et  seq. 

Litharge  is  the  monoxide  of  lead,  and  has  the  composition 
shown  by  the  formula  Pb  O.  It  is  prepared  by  oxidising  lead 
in  a  current  of  air  at  a  temperature  sufficiently  high  to  melt  the 
oxide  as  it  forms.  On  cooling,  the  litharge  separates  out  in  the 
form  of  flakes  of  a  red-brown  colour,  which,  on  being  ground  up, 
forms  a  buff-coloured  powder.  Litharge  is  sold  in  the  two  forms 
here  noted.  It  is  soluble  in  dilute  nitric  acid  and  in  acetic 
acid,  forming  the  corresponding  nitrate  or  acetate  of  lead. 
Hydrochloric  acid  dissolves  it  on  boiling,  forming  the  chloride; 
while  sulphuric  acid  does  not  dissolve  it,  but  forms  the  insoluble 
sulphate  of  lead.  Mixed  with  oils,  a  slow  action  sets  in,  resulting 
in  the  formation  of  lead  soaps,  which  are  insoluble  in  water  and 
many  solvents.  This  action  occurs  with  linseed  oil ;  the  lead 
linoleate  so  formed  dissolves  in  the  rest  of  the  oil,  forming  a 
kind  of  varnish,  which,  on  drying,  leaves  a  lustrous  coat.  It 
is  this  feature  of  lead  salts  that  makes  them  valuable  in  the 
production  of  paint.  Litharge  is  a  powerful  drier,  and  should 
not  be  used  too  extravagantly  in  the  boiling  of  oil ;  about  |  lb. 
to  the  cwt.  of  oil  is  quite  sufficient. 

Red  lead  is  also  a  good  drier,  even  better  than  litharge,  from 
I  lb.  to  1  lb.  being  sufficient  for  2  cwts.  of  oil.  Its  action  on 
oil  partakes  more  of  the  nature  of  an  oxidising  action  than  does 
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that  of  litharge,  while  it  is  dissolved  in  the  oil  in  the  nature  of 
a  lead  soap,  as  is  the  case  with  litharge.  Both  litharge  and  red 
lead  are  largely  used  in  the  preparation  of  boiled  oil.  The  oil 
so  prepared  has  a  dark  red  colour,  but  dries  quickly,  and  leaves 
a  coat  which  is  elastic  and  yet  firm  to  the  touch,  so  that  it  is 
capable  of  resisting  a  great  deal  of  rough  wear  and  tear,  as  also 
exposure  to  considerable  variations  of  temperature. 

Lead  acetate,  Pb  2  H3  Og,  is  a  white  crystalline  solid  pre- 
pared by  dissolving  lead  or  litharge  in  acetic  acid,  and  evaporat- 
ing the  solution  down  to  dryness,  or  until  it  crystallises.  It  is 
readily  soluble  in  water,  and  to  a  small  extent  in  alcohol.  It 
is  used  as  a  drier,  principally  for  mixing  with  paints,  and  then 
it  gives  good  results.  Paint  to  which  lead  acetate,  or  sugar  of 
lead  as  it  is  called,  is  added  dries  better  on  greasy  surfaces  than 
paint  to  which  nothing  has  been  added.  As  a  drier  it  is  not 
equal  to  either  red  lead  or  litharge,  but  it  has  the  advantage 
of  not  causing  the  oil  or  paint  to  become  dark  or  coloured.  It 
is  used  in  making  what  are  called  patent  driers. 

Lead  borate  is  a  white  powder  prepared  by  adding  a  solution 
of  borax  to  one  of  lead  acetate  or  nitrate.  The  precipitate  is 
collected,  washed,  and  dried.  It  is  largely  used  as  a  drier  both 
in  boiling  oil  and  in  mixed  paints.  It  does  not  lead  to  the  dis- 
colouration of  the  oil  so  much  as  red  lead,  while  its  drying 
properties  are  nearly  equal  to  those  of  litharge.  From  |  lb.  to 
1  lb  is  sufficient  for  2  cwts.  of  oil  or  paint. 

Manganese  dioxide,  the  black  oxide  of  manganese,  Mn  Og, 
is  now  very  extensively  used  as  a  drier.  It  comes  into  the 
market  from  two  sources,  one  natural,  the  other  artificial.  The 
natural  manganese  forms  the  mineral  manganese  or  pyrolusite, 
and  is  found  widely  distributed  in  large  quantities ;  for  use, 
it  is  simply  ground  to  a  powder  with  water  and  then  dried. 
It  forms  a  greyish-black  powder  insoluble  in  water.  Artificially, 
manganese  is  obtained  from  the  still  liquors  of  the  bleaching- 
powder  manufacturer,  who,  to  prepare  chlorine,  treats  manganese 
with  hydrochloric  acid,  when  he  obtains  a  solution  of  manganese 
chloride,  Mn  CI2 ;  this  is  treated  by  a  process  invented  by  Wel- 
don,  when  all  the  manganese  it  contains  is  recovered  in  a  usable 
form.  While  much  of  this  recovered  manganese  is  used  over 
again  in  the  preparation  of  chlorine,  some  of  it  is  sold  for  other 
purposes.  Manganese  dioxide  is  soluble  in  hydrochloric  acid 
with  evolution  of  chlorine  and  the  formation  of  manganese 
chloride,  Mn  CI9 ;  in  sulphuric  acid  it  dissolves  with  evolution 
of  oxygen  and  the  formation  of  manganese  sulphate,  Mn  S  O^. 
Essentially  it  is  a  peroxide,  a  class  of  bodies  which  may  be 
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described  as  containing  more  oxygen  than  is  exactly  equivalent 
to  the  metal  present  in  them  ]  this  extra  oxygen  is  often  rather 
loosely  combined,  and  ready  to  enter  into  combination  with  other 
bodies ;  it  is  this  feature  in  the  composition  of  manganese  which 
makes  it  useful  in  oil  boiling,  for  the  oxygen,  during  the  process, 
combines  with  the  oil  and  oxidises  it,  while  the  manganese  dis- 
solves to  some  extent  in  the  oil  in  the  form  of  a  manganese 
compound  of  the  linoleic  acid  of  the  oil.  Manganese  is  in 
consequence  a  powerful  drier;  in  fact,  the  most  powerful  known. 
The  proportion  usually  added  in  the  process  of  boiling  is  \  lb. 
to  1  cwt.  of  oil,  and  it  is  not  desirable  to  increase  this  propor- 
tion much,  as  this  would  give  rise  to  too  much  drying  action, 
and  cause  the  oil  to  form  a  hard  and  rather  friable  coat,  not  a 
firm  elastic  coat  as  it  should  do.  Unfortunately,  manganese 
has  a  tendency  to  make  the  oil  dark.  It  is  not  a  good  drier  for 
mixed  paint,  chiefly  because  the  tendency  in  using  it  would  be 
to  add  too  much. 

Manganese  sulphate,  Mn  S  O^,  is  prepared  by  dissolving 
manganese  in  sulphuric  acid,  and  evaporating  the  solution  down 
to  dryness.  It  is  a  crystalline  salt  of  a  faint  pink  colour.  Its 
drying  action  is,  perhaps,  rather  more  powerful  than  that  of 
the  lead  compounds,  but  less  than  that  of  the  last-named  com- 
pound. Kather  less  than  \  lb.  should  be  added  to  each  cwt. 
of  oil  or  paint.  It  possesses  one  advantage  over  manganese  in 
not  adding  to  the  colour  of  the  oil. 

Some  commercial  samples  of  manganese  sulphate  contain  a 
little  manganese  chloride ;  this  imparts  slight  hygroscopic  pro- 
perties, which  of  coarse  are  undesirable  in  a  drier.  When  pure, 
manganese  sulphate  is  a  fairly  dry  salt,  and  is  largely  used  by 
oil  boilers  as  a  drier  in  preparing  pale  boiled  oils. 

Manganese  borate  is  a  powder  of  a  faint  pinkish  hue  pre- 
pared by  adding  a  solution  of  borax  to  one  of  a  manganese  salt, 
such  as  the  sulphate  or  acetate;  the  powder  is  collected,  washed, 
and  dried  when  it  is  ready  for  use.  According  to  Prof  Hartley^ 
manganese  borate  precipitated  as  above  and  dried  in  air  has 
the  formula  Mn^  H  (B  03)2  H2  O  ;  dried  at  100°  C.  (212°  F.),  it 
has  the  formula  Mn  (B  03)2,  having  lost  its  water  of  hydra- 
tion. When  heated  it  loses  more  water  of  combination,  and 
finally  at  a  bright  red  heat  it  has  the  formula  Mn  (B  03)2- 
Manganese  borate  is  rather  soluble  in  saline  solutions.  When 
manganese  borate  is  made  from  borax  and  manganese  sulphate 
a  little  free  sulphuric  acid  is  formed.  If  in  place  of  using  borax, 
a  mixture  of  borax  (20  parts)  and  caustic  soda  (4*2  parts)  be 

*  Journ,  Chem,  Soc,  vol.  Ixiii.,  p.  129,  et  seq. 
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used,  no  free  acid  is  formed  and  the  precipitate  is  not  so  soluble, 
while  the  borate  of  manganese  is  more  completely  precipitated. 

Borate  of  manganese  when  moist  readily  oxidises  and  turns 
brown.  As  a  drier  it  is  one  of  the  best  and  most  powerful, 
being  superior  to  the  lead  compounds,  but  inferior  to  manganese, 
although  it  has  the  advantage  of  not  leading  to  any  discolour- 
ation of  the  oil.  Between  ^  and  J  lb.  is  required  for  each 
cwt.  of  oil. 

Manganese  oxalate,  Mn  Cg  O4,  has  lately  been  proposed  to 
be  used  as  a  drier  for  oil,  and  is  said  to  have  some  advantages 
over  other  manganese  compounds.  It  is  prepared  by  precipi- 
tating manganese  salts  with  oxalate  of  potash  or  soda;  or  by 
treating  manganese  hydroxide  or  manganese  carbonate  with 
oxalic  acid.  One  advantage  is  said  to  be  that  during  the 
process  of  oil-boiling  it  is  decomposed,  and  that,  owing  to  the 
manganese  dissolving  in  the  oil  in  combination  with  the  linoleic 
acid  and  to  the  oxalic  acid  being  evolved  in  the  form  of  carbonic 
acid,  the  metal  is  able  to  exert  its  greatest  drying  power.  From 
^  to  ^  lb.  may  be  used  per  cwt.  of  oil. 

Zinc  oxide,  Zn  O,  is  used  as  a  drier,  but  cannot  act  as  such  as 
it  has  no  drying  properties  at  all.  It  is  often  put  in  mixed 
driers  (see  below),  where  it  acts  as  a  diluent  to  decrease  the 
drying  power  of  the  other  ingredients.  For  a  description  of  its 
properties  see  p.  60. 

Zinc  sulphate,  Zn  S  O^,  is  also  used  as  a  drier,  but  its  virtues 
in  this  respect  are  rather  problematical.  As  the  commercial 
product  contains  much  water  of  crystallisation  it  is  necessary  to 
dry  it  before  it  is  added  to  the  oil. 

Ferrous  sulphate,  copperas,  Fe  S  O^,  is  frequently  added  as  a 
drier,  especially  in  the  preparation  of  varnishes.  It  is  in  the 
form  of  pale  bluish-green  crystals,  containing  5  molecules  of  water 
of  crystallisation ;  hence,  before  being  used,  it  must  be  dried  to 
dehydrate  it.  It  is  soluble  in  water.  It  is  prone  to  decomposi- 
tion by  oxidation,  especially  if  the  crystals  be  exposed  to  moist 
air ;  it  is  this  property  of  being  changed  by  oxidation  from 
ferrous  sulphate  to  ferric  oxide  that  makes  copperas  useful  as  a 
drier.  It  should  be  used  with  care,  as  its  tendency  is  to  harden 
the  coat  of  paint  or  varnish,  and  thus  impart  a  tendency  to  crack. 
It  is  not  by  any  means  such  a  good  drier  as  either  lead  or  man 
fi^anese  salts  ;  from  1  to  2  lbs.  are  required  for  1  cwt.  of  oil. 

Besides  the  simple  driers  described  above,  a  variety  of  com- 
pound driers,  usually  composed  of  mixtures  of  the  single  driers 
in  various  proportions  or  with  some  linseed  oil  or  boiled  oil,  are 
made ;  it  is  not  intended  to  describe  these  in  detail,  but  a  few 
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recipes  for  the  production  of  those  principally  in  use  will  be 
given. 

Patent  Driers  are  mixtures  of  all  or  any  of  the  above,  and 
frequently  contain  large  quantities  of  sulphate  of  barium, 
chalk,  or  sulphate  of  lime ;  such  mixtures  appear  to  be  made 
without  the  slightest  regard  to  the  purpose  for  which  they  are 
used,  and  some  of  them,  undoubtedly,  have  the  opposite  ejSect 
to  that  desired.  Such,  for  instance,  are  those  which  contain 
60  or  70  per  cent,  of  sulphate  of  lime,  sand^  and  chalk,  the 
whole  being  ground  up  with  oil  or  varnish  "  foots."  The 
following  figures  give  the  result  of  analyses  of  three  samples  of 
"  patent  driers  "  : — 


No.  1. 

No.  2. 

No.  3. 

Carbonate  of  Lead, 

71-77 

19-17 

Acetate  of  Lead, 

8-21 

7-io 

Sulphate  of  Zinc, 

5-18 

Lime, 

51-86 

,,         Barium,    .  , 

66-73 

Oxide  of  Iron,  .... 

2'20 

Silica,  

1-20 

1007 

Water,  

8-07 

1-30 

Oil,,  

12-69 

19-17 

14-80 

Sample  No.  1  is  a  very  fair  drier,  the  value  of  Nos.  2  and  3 
is  very  doubtful.  The  presence  of  water  in  these  samples  is 
due  to  their  having  been  ground  in  oil  foots.  The  following 
are  good  mixtures : — Take  15  lbs.  of  dried  zinc  sulphate,  4  lbs. 
of  lead  acetate,  and  7  lbs.  of  litharge ;  mix  them  with  4  lbs.  of 
boiled  oil,  and  grind  well  together.  Mix  100  lbs.  of  Paris  white, 
50  lbs.  of  white  lead,  and  2  lbs.  manganese  acetate  with  30  lbs.  of 
boiled  oil,  grind,  and  then  mix  with  the  first  mixture,  adding 
sufficient  boiled  oil  to  give  the  mass  the  consistency  of  soft 
dough.  25  lbs.  barytes,  50  lbs.  whiting,  4  lbs.  manganese  acetate, 
and  10  lbs.  white  lead,  ground  into  paste  with  about  10  lbs. 
boiled  oil  foots. 

The  composition  of  the  commercial  "patent  driers"  varies 
with  different  makers,  but  the  above  are  common  forms. 

Zumatic  Drier. — 25  lbs.  of  zinc  white  and  1  lb.  of  borate  of 
manganese  are  ground  together.  The  object  of  the  zinc  white  is 
simply  to  dilute  the  manganese  salt,  and  to  form  a  powerful  drier 
in  a  convenient  form.  The  proportions  generally  used  are  1  lb. 
of  the  drier  to  25  lbs.  of  paint. 
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Zinc  Drier. — 6|  lbs.  of  dry  manganese  sulphate,  6|  lbs.  of 
dry  manganese  acetate,  6^  lbs.  of  dry  zinc  sulphate,  and  980  lbs. 
of  zinc  white  are  ground  together.  From  2  to  3  per  cent,  of  this 
is  usually  added  to  the  paint.  This  is  called  zinc  drier,  because 
it  was  brought  out  as  a  drier  for  zinc  white.  It  is  also  known  as 
Guynemer's  dvier. 

In  both  the  above  mixtures  the  manganese  salts  only  act  as 
driers;  the  other  materials  are  really  diluents,  and  of  themselves 
can  exert  no  drying  action. 

Oxidised  Oil  Driers. — Oxidised  oil  or  well-boiled  linseed  oil 
makes  a  good  drier,  very  useful  in  many  cases. 

Terebine. — This  well-known  liquid  drier  is  made  by  running 
(see  p.  484)  840  lbs.  of  gum  copal  in  14  runs,  mixing  with  180 
gallons  of  hot,  raw,  linseed  oil  and  45  lbs.  of  fine  litharge, 
heating  the  mixture  until  it  strings ;  then,  after  cooling, 
thinning  down  with  turpentine  to  the  required  consistency. 

Resinate  of  Manganese  is  prepared  by  pouring  a  solution 
of  rosin  soap,  made  by  boiling  rosin  with  caustic  soda,  into  a 
solution  of  manganese  sulphate,  when  it  precipitates  out.  On 
filtering,  washing,  and  drying,  it  forms  a  flesh-coloured  powder, 
readily  soluble  in  hot  linseed  oil  or  in  chloroform.  By  heating, 
it  melts,  and  then  it  forms  dark  brown  lumps,  which  are  also 
fairly  soluble  in  hot  linseed  oil  or  chloroform.  By  dissolving 
2  lbs.  of  this  in  10  gallons  of  linseed  oil  at  250*^  F.  a  good  pale 
drying  oil  is  obtained.  By  dissolving  4  lbs.  in  10  gallons  of 
linseed  oil  at  2o0°  F.  a  quick  drying  oil,  leaving  a  glossy  coat, 
is  obtained. 

Resinate  of  Lead. — This  is  prepared  by  pouring  a  rosin  soap 
solution,  made  as  mentioned  above,  into  a  solution  of  lead 
acetate.  It  forms  either  a  cream-coloured  powder  or  brownish 
lumps,  according  as  it  is  dried  at  a  low  temperature  or  melted. 
It  is  easily  soluble  in  hot  linseed  oil  or  chloroform.  3  lbs.  of 
the  resinate  of  lead  dissolved  in  10  gallons  of  hot  linseed  oil  at 
250°  F.  make  a  good  drying  oil;  6  lbs.  in  the  same  quantity  of 
oil  give  a  quick  drying  oil. 

Resinate  of  Lead  and  Manganese  is  a  preparation  formed 
by  combining  the  two  last-named  bodies.  It  possesses  inter- 
mediate properties. 

Linoleate  of  Manganese  is  prepared  by  pouring  a  solution 
of  soap,  made  by  boiling  linseed  oil  with  caustic  soda,  into  a 
solution  of  manganese  sulphate  or  chloride.  It  forms  a  dark 
brown  pi  aster -like  mass,  rather  liable  to  oxidation;  when 
exposed  to  the  air  the  surface  becomes  covered  with  a  hard 
and  rather  insoluble  skin,  which  protects  the  under  parts  from 
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further  oxidation.  It  is  important,  therefore,  to  keep  linoleate 
of  manganese  in  tightly- closed  vessels.  It  is,  or  should  be 
readily  soluble  in  hot  linseed  oil  and  chloroform.  It  acts  both 
as  a  bleaching  agent  and  dyer  on  linseed  oil  (see  the  Hartley- 
Blenkinsop  process,  p.  397).  1  lb.  first  mixed  with  5  lbs.  of 
linseed  oil,  and  then  poured  into  10  gallons  of  linseed  oil  at 
250°  F.,  gives  a  good  drying  oil. 

Linoleate  of  Lead  is  a  similar  product  to  the  last,  and  is 
made  by  pouring  a  solution  of  linseed  oil  soap  into  one  of  lead 
acetate.  It  is  not  quite  such  an  active  drier  as  the  manganese 
compound ;  it  possesses  similar  properties,  but  is  not  liable  to 
oxidation. 

Linoleate  of  Lead  and  Manganese  is  a  compound  of  the 
last  two  bodies,  and  has  similar  properties  to  the  manganese 
linoleate,  but  is  not  so  liable  to  oxidation. 

The  resinates  and  linoleates  of  lead  and  manganese  have  been 
strongly  recommended  by  Amsel  and  Lippert  for  the  prepara- 
tion of  varnishes  and  drying  or  siccative  oils,  by  simply  dis- 
solving various  proportions,  as  indicated  above,  in  linseed  oil 
heated  to  250°  F.  The  author's  experience  is,  however,  not 
favourable  to  their  use,  and  it  has  been  found  that  oils  and 
varnishes  thus  made,  while  equal  perhaps  in  lustre,  do  not  dry 
quite  so  hard  nor  wear  so  well  as  varnishes  made  in  the  old  way 
from  copal. 

Much  depends  on  the  manner  and  degree  of  care  with  which 
these  resinates  or  linoleates  are  made;  they  should  be  nearly,  if 
not  entirely,  soluble  in  linseed  oil  or  chloroform ;  any  large 
quantity  of  insoluble  matter  is  most  likely  to  be  uncombined 
lead  or  manganese  oxides,  and  as  these  do  not  pass  into  the 
finished  product  their  eff'ect  as  drier  is  lost.  It  would  seem  that 
the  drying  power  of  these  bodies  does  not  depend  on  the  resin 
or  linoleic  acid  they  contain,  but  on  the  lead  or  manganese ;  and 
their  advantage  over  other  lead  or  manganese  driers  is  that  they 
are  completely  soluble  in  the  oil,  and  so  more  lead  or  manganese 
can  be  got  into  the  latter  than  is  possible  by  using  such  driers 
as  litharge  or  maoganese  sulphate;  hence,  no  foots  are  produced, 
and  the  finished  oil  dries  quicker. 
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CHAPTER  XV. 
VARNISHES. 

Varnishes  form  a  very  important  group  of  the  materials  used  by 
the  painter  in  carrying  on  his  art.  They  are  liquid  bodies,  more 
or  less  coloured,  although  colour  is  not  an  essential  feature. 
When  applied  to  the  surface  of  a  body,  they  lose  a  portion  of 
their  constituents  by  evaporation,  and  there  is  left  a  coat  of  a 
highly  lustrous  and  durable  character,  thereby  increasing  the 
lustre  of  the  object,  developing  its  beauty,  and  protecting  it  from 
the  destructive  action  of  the  atmosphere. 

When  varnishes  were  first  introduced  is  very  uncertain,  but 
the  kinds  now  in  use  are  of  modern  origin,  and  mostly  of  English 
ijitroduction,  English  varnishes  being  superior  to  those  of  any 
other  country.  Their  use  has,  during  the  present  century,  in- 
creased very  considerably,  and  has  now  attained  very  large 
proportions. 

The  subject  divides  itself  into  two  parts — - 

1st,  Varnish  materials 
2nd,  Varnish  making. 

1st,  VARNISH  MATERIALS. 

The  materials  used  in  the  manufacture  of  varnishes  can  be 
divided  into  six  groups : — 

1st,  Drying  oils, 
2nd,  Resins. 
3rd,  Gums. 
4th,  Solvents, 
5th,  Driers. 

6th,  Colouring  matters. 

In  the  trade,  the  second  and  third  groups  are  generally  classed 
together  under  one  head — "  gums." 

1st,  DRYING  OILS. — These  have  already  been  considered 
(see  p.  376,  et  seq.),  and  very  little  requires  to  be  added  here. 
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Linseed  oil  only  has  as  yet  been  used  in  the  preparation  of 
oil  varnishes,  although  some  of  the  other  drying  oils  could  be 
used ;  but  it  is  very  doubtful  whether  they  will  give  such  good 
quality  of  varnish  as  linseed  oil,  and  they  are  more  costly, 
which  is  an  important  item  in  varnish  making.  The  linseed 
oil  used  for  making  varnish  should  be  of  the  very  best  quality — 
the  best  Baltic;  other  varieties  of  linseed  oil  only  yield  poor 
qualities  of  varnish.  It  should  be  kept  at  least  twelve  months 
before  being  used.  It  is  best  stored  in  old  steam  boilers,  and 
it  is  essential  that  the  air  should  be  excluded.  Nothing  is 
definitely  known  as  to  the  character  of  the  action  that  goes 
on  in  the  oil  during  the  time  it  is  thus  stored;  but  there  is  a 
wonderful  difference  between  unstored  and  stored  oil  in  their 
varnish-making  properties,  the  latter  giving  much  the  better 
results. 

2nd,  RESINS. — This  is  by  far  the  most  important  group  of 
varnish  materials,  for  on  these  bodies  the  lustre  and  lasting 
properties  of  the  varnishes  depend.  They  are  all  of  natural 
origin,  being  exudations  from  various  species  of  trees.*  They 
are  very  numerous.  Some  are  used  almost  exclusively  for  varnish 
making,  others  are  also  used  for  other  purposes,  while  some  resins 
are  not  used  for  varnish  making,  but  find  use  in  other  directions. 

As  a  class,  they  are  distinguished  by  being  more  or  less  hard, 
friable  or  brittle,  lustrous,  generally  clear  and  transparent,  al. 
though  some  are  slightly  opaque,  insoluble  in  water,  and  soluble 
in  alcohol,  ether,  benzol,  and  other  solvents  of  a  similar  character, 
to  a  greater  or  less  extent.  In  composition,  they  are  very  com- 
plex, being  mixtures  of  bodies  having  acid  properties.  A  few 
only  of  these  bodies  have  been  isolated  and  their  characters 
definitely  ascertained.  In  their  ultimate  composition  they  are 
rich  in  carbon,  poor  in  oxygen,  and  contain  no  nitrogen.  They 
are  more  or  less  combustible,  usually  burning  with  a  smoky 
flame.  They  are  usually  devoid  of  colour,  which  is  a  valuable 
feature  for  varnish  making,  although  some  are  coloured.  As  a 
rule,  they  are  free  from  odour,  but  some  possess  fragrant  and 
characteristic  odours. 

*  All  exudations  from  trees  which  form  hard,  more  or  less  brittle  masses, 
are  termed  in  the  produce  markets  and  trade  generally  gums  " — e.g.,  gum 
arabic,  gum  tragacanth,  gum  copal,  gum  animi,  gum  sandarac,  &c.,  no 
matter  what  their  origin  or  properties.  True  gums  are  those  which  are 
soluble  to  a  greater  or  less  extent  in  water  (see  p  46b),  and  resins  are 
bodies  which  are  not  soluble  in  water,  but  soluble  only  in  solvents  like 
alcohol,  turpentine,  &c.  In  the  following  pages  the  word  "  gum "  will 
(except  as  a  trade  description)  be  used  exclusively  for  gums  proper,  and 
**  resin  "  for  the  true  resins,  of  which  copal  and  animi  are  examples. 
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Classification  of  Resins. — The  resins  can  be  classed  into 
various  groups.  Cooke  classes  them  into  three  divisions  : — 1st, 
Resins ;  2nd,  Gum-resins ;  3rd,  Oleo-resins.  The  resins  possess 
the  properties  enumerated  above,  and  will  be  again  referred  to 
below.  The  gum-resins  contain  a  little  gum  as  well  as  resin  in 
their  composition ;  very  few  are  used  for  varnish  making.  The 
oleo-resins  consist  essentially  of  a  mixture  of  resin  with  a  liquid 
oil  which  imparts  to  them  a  viscid  character ;  they  are  useful 
bodies,  although  few  find  their  way  into  varnishes.  The  resins 
can  be  divided  into  two  groups — hard  or  copalline,  soft  or  elemi 
resins ;  another  method  of  grouping  them  is  into  oil- varnish 
resins,  ethereal-varnish  resins,  and  spirit-varnish  resins.  This 
latter  classification  will  be  adopted  in  this  book  as  being  of  a 
practical  nature. 

Characters  of  Resins. — Some  of  these  have  been  pointed  out 
above  in  a  general  manner,  but  it  is  advisable  to  deal  with  them 
in  a  more  detailed  manner.  The  characters  of  resins  which  are 
of  the  most  importance  are  form,  appearance,  colour,  hardness, 
specific  gravity,  solubility. 

Form. — Most  resins  occur  in  the  form  of  knotty  masses,  some 
in  the  form  of  drops,  and  others  in  that  of  cylindrical  pieces.  The 
resin  flows  out  of  the  tree  in  the  form  of  drops ;  if  the  resin 
solidifies  quickly  it  keeps  this  form,  as,  for  example,  mastic ;  if 
the  process  of  solidification  is  slow,  then  the  resin  tends  to  form 
into  tears  or  cylindrical  pieces,  as,  for  example,  sandarac ;  if, 
again,  the  process  goes  on  slower  and  the  resin  collects  on  the 
tree  or  drops  on  to  the  ground,  it  forms  into  knotty  masses 
of  various  sizes  and  shapes,  as,  for  example,  copal,  animi,  dam- 
mar, (fee.  Some  resins  come  into  the  market  artificially  shaped, 
as,  for  instance,  gamboge  in  cylinders,  shellac  in  thin  plates, 
dragon's  blood  in  thin  sticks  or  powder,  benzoin  and  elemi  in 
blocks. 

Appearance. — The  appearance  of  many  of  the  resins  is  charac- 
teristic. Animi  is  clear  and  transparent,  and  has  a  peculiar  rough 
surface  which,  from  its  appearance,  is  known  as  the  goose  skin. 
Benzoin,  elemi,  and  some  others  have  more  or  less  an  agglomerate 
appearance,  as  if  made  up  of  two  or  three  kinds  of  gum ;  such 
a  structure  is  called  by  mineralogists  amygdaloidal.  Animi  and 
copal  have  a  very  lustrous  appearance ;  elemi,  benzoin,  &c.,  are 
more  waxy ;  kauri  partakes  somewhat  of  both,  and  has  a  semi- 
lustrous  appearance.  Some — animi,  copal,  sandarac,  dammar,  and 
kauri — are  more  or  less  crystalline;  while  elemi  and  benzoin  are 
amorphous  in  appearance.  These  points  will  be  dealt  with  in 
detail  when  describing  the  resins  individually. 
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Colour. — Resins  vary  very  much  in  colour.  Accroides  or  xan- 
thorrea  is  deep  yellow,  copal  mostly  of  a  pale  straw,  animi  is  a 
shade  deeper,  amber  is  of  a  brownish-yellow,  and  dragon's  blood  of 
a  red  colour ;  dammar  is  almost  colourless ;  shellac  has  an  orange 
colour ;  elemi  is  usually  of  a  greyish  tint,  ammoniacum  of  a  brown, 
and  asphaltum  a  deep  brown,  almost  approaching  a  black ;  the 
large  majority  of  the  resins  are  of  a  pale  brownish  colour.  The 
colour  of  resins  is  a  most  important  feature  in  varnish  making, 
inasmuch  as  any  colour  they  may  possess  affects  the  colour  of  the 
varnish  made  from  them ;  the  difference  between  two  varnishes 
sometimes  arises  from  the  quality  of  the  resin  used,  not  in  the 
kind  of  resin  or  other  materials,  nor  in  the  method  of  preparation. 
In  the  best  varnish  the  resin  used  is  of  the  best  quality,  and  has 
the  purest  colour ;  while  inferior  varnish  is  made  with  an  inferior 
quality  of  resin,  the  colour  of  which  is  rather  darker.  In  copal 
varnishes,  for  instance,  where  there  are  so  many  varieties  of 
copal,  so  far  as  regards  colour  (ranging  from  almost  colourless  to 
pale  brown),  the  palest  copals  only  are  used  for  pale  copal  var- 
nishes, the  oak  varnishes  being  made  from  the  darker  coloured 
copals. 

Hardness  and  Fusibility. — In  these  two  features,  hardness  and 
fusibility,  there  is  a  wide  range  of  difference  between  the  various 
resins.  Some,  such  as  the  hard  copals,  amber,  animi,  are  very 
hard  and  difficult  to  melt ;  these  resins  are  the  very  best  of  the 
varnish  resins,  giving  the  finest  and  most  durable  kinds  of  var- 
nishes, which  are,  however,  the  most  difficult  to  make.  Some 
resins,  such  as  elemi,  are  so  soft  as  to  easily  bend  between  the 
fingers,  and  will  melt  or  become  softened  by  the  heat  of  the 
hands ;  such  resins  do  not  give  durable  varnishes,  and  they  are 
only  used  to  tone  down  the  hardness  and  brittleness  of  other 
resins.  Other  resins,  as  animi  and  amber,  are  hard  and  difficult 
to  break  up ;  others  again,  as  accroides,  rosin,  &c.,  are  brittle 
and  easily  reduced  to  a  powder ;  the  former  class  yield  durable 
varnishes,  which,  when  applied  to  a  surface,  will  stand  a  good 
deal  of  wear  and  tear ;  the  latter  class  make  varnishes  which  do 
not  stand  much  wear  and  tear.  The  resins  vary  in  the  appear- 
ance of  the  fracture  when  broken ;  some  exhibit  a  conchoidal 
or  shell-like  fracture,  others  a  ragged  appearance ;  some  a  powdery 
fracture,  some  a  smooth  fracture.  The  particular  kind  of  fracture 
of  each  resin  will  be  described  when  each  resin  is  described  in 
detail. 

Specific  Gravity. — Kesins  are  all  heavier  than  water;  some,  as 
copal,  amber,  and  sandarac,  are  only  slightly  heavier;  others,  as 
benzoin,  guaiacum,  shellac,  much  heavier;  the  specific  gravity  of 
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each  particular  resin  does  not  vary  very  much,  so  that  this  is  a 
distinguishing  feature  which  may  be  taken  advantage  of  in 
making  an  examination  of  resins.  The  following  table  gives  the 
specific  gravity  of  most  of  the  varnish  resins  : — 


Solubility. — This  is  a  very  miportant  property  of  resins,  and 
influences  to  a  very  great  extent  the  use  to  which  they  are  put. 
There  is  a  great  deal  of  difference  between  the  resins  in  regard  to 
their  solubility  in  various  media;  some,  as  animi  and  copal,  are 
insoluble  in  any  solvent,  and  before  they  can  be  made  into 
varnishes  have  to  be  fused  by  heat;  others,  as  shellac,  sandarac, 
Manila  copal,  and  rosin,  are  soluble  in  alcohol,  ether,  benzol,  and 
are  easily  made  into  varnishes;  other  resins  are  not  so  easily 
soluble,  such  as  dammar,  mastic,  &c.  Acetone,  ether,  and  benzol 
are  the  best  solvents  for  resins;  they  will  act  more  or  less  on  all 
the  resins  of  the  last  two  classes.  Petroleum  spirit  is  a  poor 
solvent  for  the  resins,  only  rosin  and  dammar  being  dissolved 
by  it. 

OIL- VARNISH  RESINS, — This  class  of  resins  includes— 


Asa  class  these  resins  are  distinguished  by  being  insoluble  in 
oils,  ether,  and  other  solvents  until  after  they  have  been  more  or 
less  liquefied  by  fusion.  There  are  one  or  two  exceptions  to  this 
general  statement;  resin  is  soluble  in  alcohol  as  are  also  some  of 
the  soft  copals  and  sandarac;  but,  otherwise,  it  holds  good. 

Amber. — This  resin  yields  the  finest  and  most  durable 
varnish;  its  cost,  however,  prevents  it  from  being  very  largely 
used  for  this  purpose.  Amber  is  a  fossil  resin  found  in  the 
greensand  beds  of  the  Cretaceous  period,  in  a  narrow  belt  of 
districts  extending  from  England  through  Holland,  the  Baltic 


Animi,  1-043  to  1-067. 
Amber,  1  074  to  1  094. 
Benzoin,  Siam,  1*235. 

Penang,  1*145  to  1*155. 
Borneo,  1*165  to  1170. 
Copal,  Sierra  Leone,  1  -054. 
Angola,  1  '064. 
„     Pebble,  1-055. 
„     Manila,  1  063. 
Dammar,  1  055  (Batavian). 
„       1  062  to  1*123 
(Singapore). 


Thus,  1  -042. 
Dragon's  blood,  1  '200. 
Elemi,  1*019. 
Gamboge,  1*025. 
Guaiaciim,  1*236  to  1-237. 
Kauri,  1*050. 
Mastic,  1  056  to  1*06. 
Sandarac,  1  *038  to  1  '044. 
Shellac,  1*113  to  1*214. 
Accroides,  1*197. 
Locust,  British  Guiana,  1*030. 
Bosin,  1*044  to  MOO. 


Amber. 
Animi. 
Copals. 


Sandarac. 

Rosin. 

Kauri. 
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coasts  of  Germany,  Russia,  South  Siberia,  to  North  Araerica; 
the  quantity  found  in  this  country  is  unimportant,  the  great 
bulk  of  the  supply  coming  from  the  Baltic  coasts  of  East  Prussia. 
The  tree  or  trees  which  yielded  amber  are  not  known.  Some 
authorities  consider  that  the  bulk  of  it  was  produced  by  a  tree 
belonging  to  the  Conifercje  and  named  Piiiites  succini/er  ;  but,  in 
the  absence  of  definite  information,  this  is  simply  speculation, 
Much  of  the  European  supply  is  washed  up  by  the  waves  from 
deposits  which  are  now  under  the  sea.  In  West  Prussia,  how- 
ever, there  are  some  deposits  inland  of  great  extent  and  these 
are  worked  by  a  regular  system  of  mining,  which  has  a  great 
resemblance  to  gold  mining  in  its  methods.  In  the  district  of 
Samland,  containing  the  towns  Wansen,  Grosskuhren,  Hubnicken, 
Palmnicken,  Kraxtepellen,  Krieslacken,  and  a  few  other  places, 
the  amber  deposits  are  found  in  a  kind  of  blue  earth,  at  a  depth 
of  about  108  feet  from  the  surface  and  about  46  feet  below  the  level 
of  the  sea;  the  thickness  of  the  bed  is  from  8  to  28  feet,  of  which 
the  lowest  portions  only  are  worked.  The  mining  operations 
are  carried  on  by  means  of  shafts  and  levels,  much  as  coal  mining- 
is  done  in  this  country;  great  precautions,  however,  have  to  be 
taken  to  prevent  inrushes  of  seasand  and  water,  the  ground  above 
being  very  loose  and  treacherous.  Ths  blue  earth  is  taken  to 
the  surface  and  is  there  washed  in  a  long  slightly  inclined  trough, 
the  entrance  end  of  which  is  covered  with  a  grating  having 
apertures  about  3  inches  in  diameter.  The  large  masses  are 
carefully  broken  up  by  hand;  at  intervals  of  about  6  feet  men 
are  stationed  with  nets  to  catch  all  the  pieces  of  amber  as  they 
pass  down  the  trough;  finally,  the  waste  or  taillings  pass  from 
the  trough  through  a  sieve  having  apertures  of  about  one-third  of 
an  inch  in  diameter  which,  while  allowing  the  earth  to  pass 
through,  retains  the  amber.  At  some  places  jigging  machines 
with  sieves  having  a  mesh  of  about  one-eighth  of  an  inch  are 
used  with  satisfactory  results.  About  12,500  tons  of  earth  per 
month  are  treated  and  yields  about  156  cwt.  of  amber  at  an 
average  cost  of  about  4s.  per  lb. 

On  the  coast  amber  is  obtained  from  deposits  under  the  sea  by 
means  of  nets,  diving  and  dredging ;  in  the  latter  case  the 
dredged  material  is  washed  as  above  described. 

Amber  is  found  in  many  other  localities,  but  to  a  much  smaller 
extent  ;  it  is  often  washed  ashore  on  the  coasts  of  Norfolk, 
Suffolk,  Essex,  and  Sussex,  but  the  quantity  is  too  precarious  to 
make  amber-collecting  a  profitable  industry.  It  is  also  found  in 
some  sandy  deposits  in  several  London  localities,  but  it  is  scarce. 
In  several  localities  in  France  it  is  found  in  small  quantities. 
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Among  the  mountains  of  Koumania  amber  is  found  in  workable 
amounts  and  of  a  fair  quality.  In  America  there  are  many  de- 
posits, some  of  which  are  worked,  while  there  are  doubtless  many 
others  not  discovered.  In  one  particular  instance  (the  amber 
from  Yincent-town,  New  J ersey)  the  specific  gravity  is  less  than 
that  of  water.  In  North  Burmah,  in  the  Hukong  valley,  amber 
is  found  at  an  elevation  of  1,050  feet  above  the  sea  and  is  regularly 
mined  for. 

Amber  is  found  in  commerce  in  pieces  varying  much  in  size, 
form,  colour,  &c.  That  which  is  got  from  mines  is  usually 
angular ;  sea  amber  is  more  or  less  rounded  and  pebble  shaped. 
It  varies  in  colour  very  much,  from  a  dull  white  through  pale 
yellow,  to  brown,  blue,  green,  and  red.  In  commerce  amber  is 
classified  according  to  size,  the  largest  pieces  being  the  most 
valuable.  The  palest  in  colour  are  best  and  are  mostly  used  for 
ornaments,  &c.,  while  the  darkest,  which  are  of  the  least  value, 
are  chiefly  used  for  varnish  making.  The  following  varieties  are 
recognised  in  the  trade  : — 1.  "  Shining;"  pale  yellow  or  greenish, 
very  bright.  2.  "  Bastard,"  opaque,  darker  in  colour.  3.  "  Bone 
colour ; "  dull  white ;  this  variety  is  usually  very  rich  in  succinic 
acid,  and,  hence,  is  mostly  used  for  preparing  that  body.  4.  "Agate 
colour."  5.  "  Impure  ; "  it  contains  remains  of  flies  and  other 
insects,  vegetable  matter,  &c.  6.  "  Cloudy ; "  this  is  rather 
unequally  coloured,  but  is  mostly  light  yellow.  7.  "Transparent ; " 
it  has  various  colours.  The  value  of  amber  depends  on  the  size 
of  the  pieces,  colour,  transparency,  &c.  For  varnish  making,  as 
a  rule,  only  the  small  dark  coloured  pieces  are  used,  as  these  are 
the  cheapest. 

Amber  has  a  specific  gravity  of  1*074  to  1*094 ;  it  is  insoluble 
in  water,  ammonia,  carbon  bisulphide,  petroleum  spirit,  benzene, 
and  acetic  acid ;  slightly  soluble  in  absolute  alcohol,  turpentine, 
ether,  chloroform,  and  some  essential  oils.  Boiled  in  either 
linseed  oil  or  rape  oil  for  some  hours  it  is  softened  and  can  then 
be  moulded,  but  it  is  not  dissolved.  It  has  a  high  melting  point, 
about  310°  to  320°  0.  (600°  to  615°  F.).  When  distilled  it  yields 
succinic  acid,  amber  oil,  and  a  solid  residue.  The  amber  oil  has 
a  more  or  less  turpentinous  composition,  a  specific  gravity  of 
0*9606  and  forms  about  23  per  cent,  of  the  resin.  The  melted 
resin  is  soluble  in  hot  linseed  oil,  chloroform,  ether,  benzene, 
petroleum  spirit,  and  turpentine,  but  is  insoluble  in  alcohol. 
When  heated  just  to  the  point  of  fusion  for  a  short  time  the 
amber  is  altered  and  becomes  soluble  in  turpentine,  oils,  and 
other  solvents  ;  this  property  is  taken  advantage  of  in  varnish 
making.    Amber  yields  the  best  varnish  of  any  of  the  resins  j 
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it  gives  a  firm  yet  elastic  coat  and  one  which  resists  the  action  of 
the  atmosphere  exceedingly  well,  but  as  it  is  rather  dark  and 
expensive  it  is  rarely  used. 

Animi. — Animi  is  the  varnish  resin  par  excellence.  No  other 
resin  at  all  approaches  it  for  the  brilliance  and  durability  of  the 
varnish  it  will  make,  its  nearest  competitors  being  the  copals. 
It  is  used  in  making  the  best  quality  of  coach  varnishes. 

Animi  is  imported  into  England  from  Zanzibar,  although  some 
inferior  resin  sometimes  finds  its  way  through  Aden,  Bombay,  and 
other  Indian  ports. 

Animi  is  found  in  two  forms — "fossil,"  which  is  by  far  the 
best,  and  "recent"  or  "virgin,"  which  is  used  locally  and  in 
India  for  making  inferior  varnishes.  Both  these  forms  are  derived 
from  trees,  the  specific  tree  which  yielded  the  fossil  resin  is  not 
known,  but  it  is  possible  that  it  may  be  the  same  as  now  yields 
the  recent  resin. 

"  Fossil animi,  known  to  the  natives  who  procure  it  as  "  san- 
darusi,"  is  found  in  many  localities,  but  especially  in  the  coast 
districts  of  the  island  of  Zanzibar  and  on  the  neighbouring  main- 
land. It  occurs  in  patches  only  at  a  depth  varying  from  to  3 
feet  below  the  surface,  generally  in  a  red  soil  and  covered  with 
decayed  vegetation.  Although  found  in  soils  of  other  colours 
than  red,  yet  the  Arabs  who  collect  it  aver  that  the  red  soil  resin 
is  by  far  the  best  and  they  rarely  search  for  it  in  other  places. 

The  resin  is  only  searched  for  during  the  rainy  season,  which 
extends  from  April  to  October,  the  ground  then  being  sufficiently 
soft  to  permit  of  its  being  probed  with  a  sharp-pointed  rod. 
During  the  dry  season,  which  occupies  the  remainder  of  the  year, 
the  ground  is  too  hard  to  permit  of  this  being  done.  The  method 
of  working  is  comparatively  simple.  The  resin  collector  takes 
the  iron  rod  and  probes  with  it  in  what  he  may  consider  by  expe- 
rience to  be  a  likely  spot,  and  the  presence  of  the  resin  is  readily 
ascertained;  then  a  hole  of  about  6  inches  in  diameter  is  dug 
and  the  resin  taken  out.  The  resin  thus  collected  is  stored  until 
the  end  of  the  rainy  season,  when  it  is  transported  to  Zanzibar 
and  there  sold  to  the  resin  merchants.  The  amount  collected  is 
comparatively  small,  generally  averaging  1  lb.  per  day  for  each 
man  engaged,  although  it  would  be  quite  possible  to  collect 
more. 

The  resin  as  it  is  found  is  covered  with  a  red  crust  formed  by 
the  decomposition  of  the  resin  and  more  or  less  amalgamation 
with  the  red  soil ;  this  is  removed  when  the  resin  reaches  the 
resin  merchants,  usually  by  a  method  of  scraping  and  treating 
with  an  alkali,  when  a  peculiarity  of  gum  animi  makes  its  appear- 
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ance  — that  is,  the  so-called  goose  skin.  The  surface  of  the  resin  ia 
found  to  be  more  or  less  covered  with  a  regular  pattern  of  inden- 
tations closely  resembling  the  skin  of  a  goose  when  it  has  been 
plucked;  whence  its  name.  This  appearance  is  caused  by  the 
impression  of  the  cellular  structure  of  the  tree  in  which  the  resin 
was  originally  deposited.  The  merchants  at  Zanzibar  sort  the 
resin  into  various  qualities  before  they  export  it  to  this  country. 

"  E/Ccent "  or  "  virgin  "  animi  is  collected  direct  from  the  trees 
or  picked  up  on  the  surface  of  the  ground  immediately  under 
those  trees.  The  tree  which  yields  this  recent  resin  is  the  Tracliy- 
lobium  mossambicense^  although  this  is  a  matter  of  doubt.  The 
Arab  name  for  the  tree  is  "shajar  el  sandarus,"  but  different 
tribes  give  it  different  names.  This  variety  of  animi  has  a  pale 
colour,  a  very  smooth  surface,  and,  usually,  a  long  tear  shape. 
The  tree  is  a  most  prolific  producer,  every  part  seeming  to  be 
so  charged  with  resin,  that  the  wounding  of  any  part  of  the  tree 
immediately  causes  a  flow  of  and  a  deposit  of  the  resin  in  that 
part,  a  fact  of  which  the  Arabs  of  the  districts  where  it  grows  are 
not  slow  to  take  advantage.  The  resin  is  called  by  them  "chakazi'' ; 
it  is  soft,  not  unlike  gum  thus  in  consistency,  of  a  dull  appearance 
and  of  small  value ;  it  is  imported  to  India  for  making  poor  var- 
nishes. 

Animi  occurs  in  homogeneous  pieces  of  various  sizes,  although 
none  are  very  large ;  it  is  quite  transparent  and  of  a  yellowish  or 
brownish-yellow  colour ;  sometimes  it  contains  the  remains  of 
insects.  It  is  so  hard  that  it  cannot  be  scratched  with  the  nail, 
and  breaks  with  a  more  or  less  conchoidal  fracture.  The  specific 
gravity  of  animi  is  about  1*062  to  1*068. 

It  is  nearly  insoluble  in  all  ordinary  solvents,  which  at  the 
most  cause  it  to  swell  a  little ;  ether  dissolves  part,  petroleum 
ether  causes  it  to  swell  to  a  white  mass,  alcohol  has  a  similar 
action,  chloroform  partially  dissolves  it.  With  any  solvent  but 
a  small  part  dissolves.  On  this  point  authorities  differ  much, 
probably  from  the  fact  that  they  were  not  using  a  genuine 
sample  of  animi.  Animi  is  not  affected  by  boiling  with  caustic 
soda  or  acids.  The  properties  here  given  refer  to  the  fossil 
variety. 

When  animi  is  distilled  it  gives  off,  at  first,  dark  brownish 
vapours,  but  when  the  resin  is  quite  melted,  which  occurs  at  a 
temperature  of  from  240°  0.  to  250°  C.  (450°  to  465°  R),  no  appre- 
ciable vapours  are  given  off;  the  rosin  loses  from  20  to  25  per  cent, 
of  its  weight,  of  which  about  2  per  cent,  comes  off  as  water  and 
18*5  per  cent,  as  a  brownish  coloured  oil,  having  a  strong  empy- 
reumatic  odour;  the  oil  has  a  specific  gravity  of  0*9081,  and  is 
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soluble  in  benzene,  ether,  petroleum  spirit,  and  turpentine,  but  is 
insoluble  in  alcohol.  It  has  slightly  acid  properties  and  contains 
a  small  quantity  of  bodies  capable  of  combining  with  caustic  soda, 
but  the  main  bulk  has,  probably,  a  terpene  composition.  The 
residue  in  the  retort  sets,  on  cooling,  to  a  hard,  clear,  transparent 
resin,  soluble  in  benzene,  chloroform,  petroleum  spirit,  and  tur- 
pentine to  clear  solutions ;  in  ether  it  gives  a  cloudy  solution ;  it 
is  insoluble  in  alcohol,  but  soluble  in  hot  linseed  oil. 

Copal. — The  term  "copal"  is  now  used  very  frequently  as 
a  generic  term,  covering  a  number  of  resins  of  various  origin. 
Strictly  speaking,  it  should,  when  used  as  a  class  name,  only 
include  resins,  of  which  animi  may  be  taken  as  a  type;  but  it  is 
made  to  include  resins  such  as  Manila  copal,  which  has  very 
different  properties.  Accordingly,  copals  are  often  divided  into 
two  groups — "true  copals"  and  "false  copals."  The  former  in- 
cludes animi  and  the  copals  found  on  the  West  Coast  of  Africa, 
and  perhaps  also  kauri  and  the  Demerara  copal.  The  latter  group 
includes  Manila  copal,  dammar,  and  a  few  others.  "True  copals" 
are  hard,  lustrous  resins,  insoluble  in  solvents,  and  require  to  be 
fused  before  they  can  be  made  into  varnish.  The  "  false  copals  " 
vary  very  much  in  their  properties — some  are  hard,  as  dammar, 
others  are  soft,  as  Manila  copal.  They  are  more  or  less  soluble  in 
solvents  like  alcohol,  benzol,  turpentine,  &c. 

Gum  copal  is  a  product  of  vegetable  origin  found  on  the 
"West  Coast  of  Africa,  over  a  district  extending  from  latitude  8°  N. 
to  latitude  4°  S.,  a  distance  of  some  700  miles.  In  this 
district  very  large  quantities  of  copal  is  found,  as  a  fossil 
resin,  in  the  ground  at  various  depths  up  to  about  10  feet.  It  is 
dug  for  by  the  natives  during  the  rainy  season  only,  which 
extends  from  March  to  May.  Generally  it  is  found  in  the  super- 
ficial strata  of  marl,  clay,  and  sand,  which  are  sufficiently  soft  in 
the  wet  season  to  permit  of  being  easily  worked,  but  in  the  dry 
season  they  are  too  hard  for  the  negroes  to  dig  into  with  the 
rather  primitive  tools  they  use.  The  botanical  origin  of  copal 
is  not  known  with  certainty.  Some  authorities  assign  it  to  a 
tree  called  Guihourtia  copalUfera,  while  it  is  quite  possible  that  it 
comes  from  more  than  one  species ;  certainly,  no  tree  which  is  at 
present  growing  on  the  copal  coast  yields  this  gum.  This  fact, 
together  with  its  occurrence  in  very  recent  deposits  and  the 
existence  of  the  pebble  copals  in  the  beds  of  the  rivers  of  this 
district,  show  that  it  is  most  likely  to  be  the  produce  of  various 
species  of  trees  which  have  grown  or  now  grow  in  inland  dis- 
tricts. Probably,  as  the  interior  of  the  copal  districts  become 
better  known,  the  source  of  the  resin  will  be  discovered  After 
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the  resin  has  been  collected,  it  is  carried  by  the  natives,  along 
with  other  produce  which  they  collect  at  the  same  time,  to  the 
ports  for  export  to  Europe,  America,  <fec.  The  principal  ports 
from  which  copal  is  thus  exported  are  Sierra  Leone  (from  which 
the  best  copal  is  obtained),  Accra,  Benin,  Gaboon,  Loango,  the 
Congo,  Angola,  Benguela.  The  copals  obtained  from  these  places 
are  not  identical  in  properties,  some  being  harder  than  others. 

Sierra  Leone  copal  is  the  best  quality  of  copal  imported  from 
Africa.  It  usually  comes  over  in  the  form  of  rough  angular 
pieces,  almost  colourless  or,  at  the  most,  having  a  faint  yellow 
colour.  It  is  hard,  has  a  specific  gravity  of  1*054,  is  quite  in- 
soluble in  all  the  ordinary  solvents,  and  only  becomes  soluble 
after  it  has  been  fused,  the  melting  point  being  400°  F.  (205°  0.). 
It  is  very  lustrous,  and  makes  a  first-class  and  very  durable 
varnish.  By  careful  selection  of  the  resin  used  pale  varnishes 
can  be  made  from  this  copal.  Sierra  Leone  copal  is  the  variety 
most  in  use  in  making  cabinet  and  coach  varnishes,  for  the  best 
grades  of  which  the  finer  pieces  of  copal  are  picked  out,  the 
commoner  kinds  being  used  for  inferior  grades. 

Pebble  copal  also  comes  from  Sierra  Leone.  It  occurs  in 
the  form  of  rounded  pieces,  varying  slightly  in  size,  and  is  mostly 
colourless;  but  some  samples  are  slightly  coloured,  mostly  pale 
brownish-yellow.  It  is  very  hard  (perhaps  the  hardest  of  the 
copals),  and  its  specific  gravity  is  about  1*055.  From  its  form  it 
has  evidently  been  transported  from  the  interior  by  the  rivers,  in 
whose  beds  it  is  now  found.  Owing  to  the  supply  being  small 
and  somewhat  uncertain,  varnish  makers  are  rather  shy  of  using 
Pebble  copal,  although  it  makes  a  good  varnish  resin. 

Angola  copal  is  found  in  the  three  districts  of  Angola,  Ben- 
guela, and  Congo,  the  copal  from  which  are  so  much  alike  that  in 
commerce  they  are  classed  together  as  "  Angola  copal,''  or,  as  it 
is  often  called  from  its  colour,  "  red  Angola  copal."  It  is  generally 
in  the  form  of  globular  pieces,  although  flat  pieces  are  often  met 
with.  The  size  is  usually  about  1^  to  2  inches,  but  large  pieces 
about  5  to  6  inches  have  been  found.  This  copal  is  generally 
covered  with  a  reddish  crust  about  one-sixteenth  of  an  inch 
thick.  When  this  crust  is  removed,  the  resin  is  usually  found 
free  from  colour  or,  at  most,  has  a  faint  yellowish  colour ; 
occasionally  brownish  pieces  are  found.  The  darker  coloured 
pieces  are  often  the  freest  from  air  bubbles — bits  of  bark,  wood, 
&c.,  which  are  often  found  in  the  colourless  variety.  These, 
therefore,  command  a  higher  price  in  the  market.  Angola  copal 
is  not  so  hard  as  those  above  described.  It  yields  a  good  quality 
of  varnish,  brilliant  and  durable.     Its  specific  gravity  is  1*065. 
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Angola  copal  only  comes  into  commerce  in  small  quantities; 
almost  too  small  to  induce  varnish  makers  to  use  it. 

Gaboon  copal  is  found  in  rounded,  flattened  pieces,  varying 
in  size  from  about  ^to2^  inches ;  in  colour  it  is  the  darkest  of  the 
copals — a  sherry  colour;  transparent;  but,  as  a  rule,  not  homo- 
geneous. The  surface  is  generally  smooth,  but  some  pieces  have 
a  crust,  which  is  sometimes  striated. 

Loango  copal  differs  from  other  copals  in  being  found  in  the 
form  of  cylindrical  pieces,  which  are  evidently  only  portions 
broken  off  much  larger  pieces;  two  varieties  are  known,  red  and 
white;  the  former  is,  as  its  name  indicates,  of  a  reddish  or  faint 
brownish  colour,  and  is  rather  larger  than  the  latter  and  moro 
cylindrical  in  form ;  the  white  varies  in  colour  from  colourless  to 
faint  yellow.  The  red  is  the  best  and,  on  account  of  its  being 
more  homogeneous,  more  lustrous  and  harder  than  the  white,  is 
both  more  in  demand  and  brings  a  higher  price  in  the  market."^ 

Demerara  Copal. — This  fossil  resin  comes  from  the  locust 
tree,  Hymencea  Gourbarii,  of  British  Guiana.  It  is  collected  much 
in  the  same  manner  as  animi  and  copal,  and,  when  freed  from  the 
outer  crust,  has  a  splendid  lustrous  appearance,  being  quite  clear 
and  transparent,  perfectly  homogeneous  and  often  occurring  in 
large  masses;  pieces  of  from  10  to  12  lbs.  weight  are  frequently 
found,  while  a  mass  weighing  at  least  60  lbs.  was  shown  at  the 
Manchester  Exhibition  in  1887. 

It  has  a  specific  gravity  of  1*030  and  melts  at  about  240"^  to 
250°  C.  (450°  to  465°  F.);  it  gives  off  a  large  proportion  of  volatile 
oil  and  gas,  and  leaves  but  little  solid  resinous  matter  as  compared 
with  animi;  thus,  weight  for  weight,  it  does  not  make  as  strong 
a  varnish  as  animi  or  copal,  but,  allowance  being  made  for  this 
fact,  it  is  an  excellent  varnish  resin.  It  is  also  known  as  Deme- 
rara animi. 

Ether  dissolves  it,  alcohol  causes  it  to  swell  to  a  white  jelly, 
chloroform  causes  it  to  swell  and  dissolves  a  part  of  it,  petroleum 
ether  causes  it  to  swell  to  a  white  jelly. 

Java  Copal. — Investigations  made  in  Java  in  1905  resulted 
in  the  discovery  of  deposits  of  a  copal-like  resin,  which  may  find 
use  in  the  future  for  making  varnishes.  It  is  in  resinous  lumps 
with  a  milky  appearance,  and  is  covered  with  a  crust  of  a 
brownish  colour.  The  fracture  is  bright  and  conchoidal.  It 
cannot  be  softened  in  the  mouth.  Java  copal  is  harder  than 
Manila  copal,  but  not  so  hard  as  an  African  copal.    It  does  not 

*  Copal  is  slightly  soluble  in  turpentine  on  long  digestion  with  the  solvent, 
but  it  is  nearly  insoluble  in  other  media,  which  at  the  most  only  cause  it  to 
swell,  while  but  a  small  portion  passes  into  solution. 
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melt  or  change  in  water.  Its  melting  point  is  175"  0.  (347'  F.), 
and  it  is  quite  liquid  at  178**  C.  (352°  F.).  Specific  gravity, 
1*033  to  1-041.  The  resin  often  contains  minute  crystals  of 
pyrites.  It  is  only  slightly  soluble  in  alcohol,  but  freely  soluble 
in  chloroform,  benzol,  and  bisulphide  of  carbon.  It  contains 
acid  constituents  equal  to  4*5  to  5  per  cent,  of  iodine. 

If  obtainable  in  commercial  quantities,  Java  copal  may  be 
serviceable  in  making  oil  varnishes,  probably  yielding  a  softer 
varnish  than  kauri.  See  Chemical  Trade  Journal,  December  16, 
1905,  p.  578. 

Kauri. — This  is  a  very  important  copal-like  resin  found  in 
New  Zealand  in  large  quantities,  which  has  only  comparatively 
recently  come  into  use  as  a  varnish  resin.  It  is  also  known  as 
Cowdee  gum,  Kowree,  Oawree  gum  \  there  are  various  other 
ways  of  spelling  the  name. 

This  resin  is  the  product  of  various  species  of  New  Zealand 
pine  trees,  chiefly  from  Dammara  Australis,  which  yields  by  far 
the  larger  proportion  of  the  resin  sold.  Other  species  are 
Dammara  ovata  and  D,  Gookii  of  New  Zealand,  while  in 
Queensland,  D,  Brownii,  and  in  New  Caledonia,  D,  lanceolata, 
yield  the  resin  in  small  quantities.  Most  of  the  resin  used  is  dug 
out  of  the  ground.  It  is  found  all  over  the  Colony,  mostly  in 
the  Province  of  Auckland  where  but  few  trees  exist  now.  There 
is  no  regular  organised  system  of  searching  for  the  resin,  but  a 
very  large,  although  variable,  number  of  persons,  mostly  natives, 
are  engaged  in  the  collection  of  it.  The  resin  is  found  at  various 
depths,  from  a  few  inches  to  several  feet  below  the  surface,  on 
which,  however,  there  are  no  indications  of  its  presence  below; 
large  pieces  are  often  turned  up  in  ploughing  cultivated  lands. 
The  resin  digger  uses  two  tools,  a  spear,  which  is  a  long,  sharp- 
pointed,  wooden-handled  steel  rod  of  about  \  inch  in  diameter, 
and  a  spade.  With  the  spear  he  pierces  the  ground  and  feels  for 
the  resin;  experience  soon  tells  him  when  he  has  touched  a  piece, 
and  then  he  digs  down  to  it;  the  find  may  only  be  a  small  one, 
or,  as  occasionally  happens,  very  large  pieces  are  found.  The 
surface  of  the  resin  is  covered  with  a  thick  crust  of  decayed 
vegetable  and  resinous  matter  which  is  removed  by  the  digger 
before  he  sells  it  to  the  merchant.  Besides  the  fossil  resin,  kauri 
is  also  obtained  from  the  living  trees ;  such  resin  is  known  as 
young  "  kauri,  and  it  differs  from  fossil  kauri  in  being  almost 
colourless  and  softer.  The  trees,  when  they  are  cut,  bleed 
profusely  and  yield  a  pale  yellowish  viscid  fluid  which  dries  into 
a  hard  resinous  mass;  both  old  and  young  trees  yield  the  resin, 
and  it  is  no  uncommon  thing  to  find  in  old  trees  deposits  of  the 
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resin.  The  stumps  of  felled  trees  soon  become  covered  with  a 
thick  layer  of  kauri  resin.  The  trees  are  fast  disappearing, 
and  soon  no  "young''  resin  will  be  obtainable. 

Kauri  comes  into  the  market  in  pieces  varying  much  in  size, 
from  a  few  inches  to  two  feet,  and  in  weight,  from  1  lb.  to  J  cwt. 
The  best  quality  is  known  as  "dial "  kauri,  but  many  varieties 
are  recognised  in  the  trade.  In  colour  it  varies  but  little, 
being  mostly  of  a  pale  amber  or  pale  brown.  Some  samples 
are  homogeneous,  others  are  more  or  less  streaked ;  the  former 
kind  are  usually  clear  and  transparent,  while  the  latter  are  often 
opaque.  In  lustre  it  varies  from  glassy  to  opaline.  It  breaks 
with  a  conchoidal  fracture,  and  freshly-broken  pieces  have  a 
fragrant  odour  which  is  very  characteristic.  The  taste  is  pleasant 
and  aromatic.  It  is  used  by  the  Maoris  of  New  Zealand  as  a 
chewing  gum,  especially  the  "young  "  kauri.  The  specific  gravity 
is  1*050,  JSTew  Caledonia  kauri  being  rather  heavier  than  New 
Zealand  kauri.  It  melts  easily  at  from  360°  F.  to  450°  F, ;  and 
on  distillation  it  gives  about  1*4  per  cent,  of  water  and  from 
16  to  20  per  cent,  of  oil  of  specific  gravity  0*9224,  soluble  in  ether, 
but  insoluble  in  alcohol,  and  caustic  soda. 

Kauri  is  used  in  varnish  making  as  a  rival  to  copal,  but, 
although  the  varnish  it  yields  is  a  good  one,  yet  it  is  far  from 
equalling  copal  varnish,  not  being  so  durable.  When  exposed 
to  the  weather  it  has  a  tendency  to  become  powdery,  but,  being 
hard,  it  is  largely  used  in  varnishes  for  interior  work  and,  to  a 
limited  extent,  in  the  preparation  of  ornaments.  Petroleum 
spirit,  alcohol,  turpentine,  and  benzol  cause  kauri  to  swell  up  to  a 
white  opaque  mass  dissolving  a  portion  of  it ;  chloroform  and 
amyl  alcohol  partially  dissolve  it,  ether  completely.  After 
melting,  the  gum  is  soluble  in  ether,  petroleum  spirit,  turpentine, 
benzol,  and  chloroform  to  clear  solutions.  There  are,  however, 
variations  between  diff*erent  samples  of  kauri  in  their  solubility 
in  these  media. 

Kauri  Oil. — When  gum  kauri  is  distilled,  a  mobile  oil  of  a 
clear,  yellow  colour  is  obtained ;  this  has  a  specific  gravity  of 
0*8677  and  a  pleasant  aromatic  smell  which  keeps  for  some  time. 
It  is  soluble  in  ether,  carbon  tetrachloride,  carbon  bisulphide, 
benzol,  and  turpentine,  but  not  soluble  in  ether  petroleum  and 
but  slightly  in  alcohol.  It  is  slightly  acid,  only  requiring  3  per 
cent,  of  caustic  potash  to  neutralise  it  and  4*9  per  cent,  to 
saponify  it.  Its  iodine  value  is  high — 288  per  cent.  It  almost 
completely  distils  below  170°  0.,  and  distils  with  steam. 

Sandarac. — This  resin  has  quite  different  properties  to  the 
copals  above  described.   It  is  used  in  making  both  oil  and  spirit 
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varnishes,  although  for  the  former  kind  its  use  is  decreasinf^. 
It  is  also  known  as  gum  juniper.  It  is  the  produce  of  the  Alerce 
tree,  Callitris  quadrivalvis,  si,  tree  indigenous  to  North  Africa,  in 
the  mountain  regions  ranging  from  the  Atlantic  coast  to  at  least 
as  far  East  as  Eastern  Algeria,  but  possibly  further.  The  resin 
is  found  exuding  naturally  from  the  trees.  The  Moors  who 
collect  it  are  in  the  habit  of  making  small  incisions  in  the  bark 
of  the  tree  for  the  purpose  of  increasing  the  amount  of  flow  of 
the  sap,  and,  therefore,  the  quantity  of  resin;  after  collection  it  is 
taken  to  Mogador  for  export  to  Europe. 

Sandarac  occurs  in  the  form  of  short  cylindrical  pieces  or  tears, 
which  are  sometimes  agglomerated  together;  in  colour  it  is  a 
yellowish  white ;  it  is  a  comparatively  hard  resin,  being  about 
equal  to  kauri  or  rosin  in  this  respect ;  it  melts  easily  at  about 
300°  E.  (150°  C),  and  breaks  with  a  clean,  lustrous  fracture. 
The  specific  gravity  is  1-038  to  1-044. 

It  is  soluble  in  alcohol,  amyl  alcohol,  and  ether,  partially 
soluble  in  benzol,  petroleum  spirit,  and  turpentine,  but  very 
slightly  soluble  in  oil,  before  fusing,  yet  readily  so  after  fusing. 
It  is  used  in  making  pale  spirit  varnishes,  and  is  valued  on 
account  of  the  hardness  and  lustre  of  the  coat  it  forms. 

Rosin  or  Colophony. — The  name  of  this  body  is  spelled  rosin 
or  resin ;  the  former  is  more  in  accordance  with  the  pronunciation 
of  it  and  will  be  adopted  here ;  the  latter  is  liable  to  confusion 
with  the  generic  name  for  the  group  of  resins.  Colophony  is 
rarely  used.  Rosin  is  obtained  in  the  distillation  of  turpentine 
from  gum  thus  (see  p.  410)  and  is  left  behind  in  the  still  after  the 
turpentine  has  come  over;  the  melted  rosin  is  run  from  the  stills 
into  moulds  or  barrels  to  cool.  Rosin  comes  into  the  market  in 
the  form  of  large  pieces,  generally  homogeneous,  varying  in 
colour  and  transparency;  the  best  quality  is  known  as  "window 
glass  "  rosin,  and  is  a  pale  amber  in  colour,  perfectly  clear  and 
transparent ;  "  common "  rosin  is  much  darker  in  colour  but  is 
still  homogeneous,  clear  and  transparent;  "black"  rosin  is  very 
dark,  almost  approaching  a  black,  and  opaque.  These  varieties 
are  dependent  upon  the  quality  of  the  original  resin  from  which 
the  rosin  has  been  made ;  the  so-called  "  virgin  "  resin  gives  the 
best  rosin,  while  the  resin  collected  later  on  in  the  season  gives 
common  rosin,  and  the  scrapings  of  the  resin  from  the  bark,  &c., 
give  black  rosin.  Rosin  is  slightly  heavier  than  water,  its 
specific  gravity  being  1-044  to  1*100;  it  easily  melts;  at  about 
177°  F.  it  softens,  and  at  212°  F.  it  is  quite  fluid;  "window- 
glass"  rosin  forms  a  clear,  limpid,  yellow  liquid.  It  is  insoluble 
in  water ;  is  soluble  in  about  eight  times  its  weight  of  alcohol ; 
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in  benzol,  amyl  alcohol,  coal-tar  naphtha,  and  acetone  in  almost 

any  proportion;  soluble  in  turpentine,  ether,  and  most  oils. 
It  is  also  soluble  in  boiling  solutions  of  the  alkaline  carbonates 
or  hydroxides,  becoming  hydrolised  and  taking  up  the  elements 
of  water  to  form  abietic  acid,  with  which  the  alkalies  combine  to 
form  the  rosin  soaps  so  largely  employed  in  the  soap  industry. 
Rosin  is  a  mixture  of  two  acids  bodies,  pinic  and  sylvic  acids, 
which  are  isomeric  and  have  the  formula  Cgo  Hg^  Og.  Some 
authorities  consider  that  the  composition  of  rosin  is  not  that  of 
a  true  acid,  but  an  anhydride,  abietic  anhydride,  which  will  take 
up  water  to  form  abietic  acid. 

When  distilled  rosin  yields  a  small  quantity  of  acid  water, 
spirit  (see  p.  431),  a  heavy  oil  (see  p.  405),  and  a  residue  of  pitch. 
It  is  used  in  mating  common  oil  varnishes,  in  making  some  cheap 
spirit  varnishes,  and  in  naphtha  varnishes.  By  itself  it  leaves 
rather  a  hard,  brittle,  and  lustrous  coat,  but  tempered  with  some 
oil  or  soft  resin  it  makes  a  durable  varnish,  not,  of  course,  ap- 
proaching the  copals  or  kauri  in  this  quality. 

A  solution  in  hot  alcohol  deposits  crystals  of  sylvic  acid  on 
cooling.  Nitric  acid  converts  rosin  into  terebic  acid,  H  0^  Hg  O^, 
which  is  soluble  in  water. 

Asphaltum. — Asphaltum  or  native  bitumen  is  used  in  the 
varnish  manufacture  in  the  production  of  black  varnishes,  blacks, 
japans,  &c.  It  was  originally  obtained  from  the  shores  of  the 
Dead  Sea,  and  this  variety  is  specially  designated  Bitumen  of 
Judea  and  Egyptian  asphaltum,  but  it  is  imported  from  other 
places,  Altona  in  Albania,  Coxitambo  in  South  America,  and 
Barbados,  while  there  is  an  almost  inexhaustible  supply  in  the 
great  lake  of  Trinidad.  Asphaltum,  when  pure,  is  a  blackish- 
brown  solid,  breaking  with  a  conchoidal  fracture,  the  surfaces 
being  bright  and  lustrous.  At  100°  0.  (212°  F.)  it  melts  to  a  black 
liquid  having  a  strong  pitchy  odour.  It  burns  with  a  bright 
somewhat  smoky  flame.  In  water  and  alcohol  it  is  insoluble. 
It  dissolves  readily  in  coal-tar  naphtha,  but  not  so  readily  in 
turpentine.    Its  specific  gravity  varies  from  1*00  to  1*20. 

When  used  alone,  simply  dissolved  in  naphtha  or  turpentine, 
it  dries  with  a  gloss,  with,  however,  a  very  brittle  coat  that  in  time 
begins  to  crack  very  much;  on  this  account  asphaltum,  formerly 
much  used  by  artists,  has  of  late  years  been  abandoned  for  oil 
painting. 

In  making  japans  and  black  varnishes  its  brittleness  has  to  be 
overcome  by  the  use  of  oil  and  other  gums.  Asphaltum  is 
generally  considered  to  be  a  product  of  the  decomposition  of 
animal  and  vegetable  organic  matter. 
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Artificial  Asphaltums  are  now  made  by  mixing  together  in 
various  proportions  coal-tar  pitch,  wool  pitch,  rosin  pitch,  and 
other  pitches  obtained  in  the  distillation  of  animal  and  vegetable 
oily  products.  These  are  very  useful  in  making  cheap  black 
varnishes,  but  considerable  care  must  be  taken  in  their  selection, 
as  many  of  the  pitches,  especially  those  from  petroleum  and 
paraffin,  will  not  dry. 

ETHEREAL- VARNISH  RESINS.— This  is  an  important 
group  of  resins,  which  are  more  or  less  soluble  in  such  solvents 
as  benzol,  coal-tar  naphtha,  turpentine,  ether,  acetone,  &c.,  and 
which  are  used  with  these  solvents  to  make  varnishes  for  special 
purposes.    This  group  includes  : — 

All  oil  varnish  resins  after  they  have  been  fused. 
Dammars.  Rosin. 
Mastic.  Manila  copal. 

Sandarac. 

Some  of  these  have  already  been  described. 

Dammar. — Under  the  name  of  Dammar  there  is  imported  into 
this  country,  for  making  varnishes,  several  kinds  of  resins,  prin- 
cipally from  Siam,  which  do  not  differ  very  much  from  one 
another  in  their  properties. 

1 .  Si7iga20ore  dammar,  also  known  as  white  dammar,  is  the 
true  dammar.  It  is  the  produce  of  the  Araboyna  pine,  Dammara 
orientalis,  a  large  tree  indigenous  to  Malacca,  Java,  Sumatra, 
Borneo,  and  the  Malaccas,  growing  in  the  hill  districts ;  in  Java 
it  is  cultivated  to  a  small  extent.  The  supply  principally  comes 
from  Java  through  Singapore.  The  resin  exudes  from  certain 
excrescences  which  grow  a  short  distance  above  the  root  of  the 
tree ;  in  Sumatra  and  other  places  the  resin  exudes  out  in  large 
quantities,  while  in  other  localities  the  natives  make  incisions  in 
the  excrescences  to  promote  the  flow  of  the  resin;  large  quan- 
tities of  the  resin  are  also  found  in  the  river  courses,  having 
probably  fallen  from  trees  growing  on  the  sides  of  the  rivers. 
The  resin  exudes  also  from  the  upper  portions  of  the  trees, 
branches,  (fee. ;  the  resin  from  the  roots  is  usually  in  the  form 
of  large  rounded  knotty  pieces,  while  that  from  the  branches  is 
more  or  less  stalactitic  in  form. 

Singapore  dammar  comes  into  commerce  in  the  form  of  nodules, 
varying  in  size  from  ^  an  inch  to  1|  inches,  sometimes  larger, 
covered  with  a  powdery  crust ;  the  interior  is  usually  clear  and 
transparent  and  is  nearly  white  in  colour,  at  the  most  it  has  a 
faint  straw  tint.  It  is  friable  and  breaks  easily  with  a  powdery 
fracture.    It  is  not  quite  so  hard  as  copal,  but  is  harder  than 
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rosin;  when  fresh  it  has  a  faint  agreeable  balsamic  odour,  which 
disappears  on  keeping.  Its  specific  gravity  is  1-062  to  1*123. 
It  is  soluble  in  turpentine,  ether,  petroleum  spirit,  chloroform, 
and  in  oil,  but  only  partially  so  in  alcohol  and  amyl  alcohol. 
That  from  Batavia  dissolves  more  freely  than  the  Singapore 
variety.  The  melting  point  of  both  is  about  the  same,  260"* 
to  300°  F.  It  is  used  in  making  varnishes  for  coach  and  cabinet 
makers,  for  paper,  for  pictures,  and  it  is  used  dissolved  in 
benzol  for  mounting  microscopic  objects.  Dammar  gives  a  pale, 
hard  varnish  with  a  fair  amount  of  lustre.  It  has  the  defect  of 
being  rather  friable,  so  that  if,  when  dry,  the  coat  is  rubbed  with 
the  fingers  it  becomes  powdery. 

2.  liock  Dammar. — This  resin,  which  is  almost  indistinguish- 
able from  the  last  variety,  is  the  produce  of  two  species  of  Hopea — 
viz.,  Ilopea  odorata,  which  grows  in  Burmah,  about  Rangoon, 
Pegu,  Martaban,  and  Tenasserim;  and  Hopea  micrantha,  a  native 
of  the  Malay  States  of  Malacca,  Sumatra,  Borneo,  and  Labuan. 
There  are  great  differences  between  the  resins  yielded  by  these 
two  trees ;  that  from  odorata  generally  occurs  in  rounded  pieces 
about  the  size  of  walnuts,  and  is  pale  in  colour ;  colourless  pieces 
are  often  found.  The  micrantha  resin  is  rather  darker  and  a  little 
harder.  Bock  dammar  is  soluble  in  turpentine,  and  other  solvents, 
and  is  of  equal  value  with  the  Singapore  and  Batavian  dammars. 

3.  Sal  Dammar, — This  is  the  produce  of  the  Sal  tree,  Shorea 
robusta,  which  grows  on  the  southern  flanks  of  the  Himalaya 
mountains  along  nearly  their  whole  extent ;  it  is  also  found 
among  the  hills  of  West  Bengal,  in  Borneo,  Sumatra,  and  in  the 
Malaccas ;  so  that  its  range  is  a  wide  one.  It  occurs  in  long 
pieces  of  a  stalactitic  character,  rather  brittle,  mostly  of  a  pale 
cream  colour,  more  or  less  opaque  and  striated  as  if  the  pieces 
were  formed  by  the  separate  flow  of  different  streams  of  liquid 
resin,  each  of  which  solidified  before  the  succeeding  one  had 
begun  to  run.  Its  specific  gravity  ranges  from  about  1*097  to 
1*123.  It  is  soluble  in  ether,  benzol,  and  turpentine,  partially 
soluble  in  alcohol ;  the  solutions  are  not  quite  clear,  but  always 
have  a  more  or  less  turbid  appearance. 

It  is  not  often  met  with  in  the  English  market.    It  is  used  in 
making  paper  varnishes  and  tracing  paper,  as,  when  dissolved  in 
turpentine,  it  gives  a  good,  pale,  hard  varnish  which  dries  well ' 
and  is  elastic. 

4.  Black  Dammar, — Black  dammar,  known  in  India  as  kala 
dammar,  is  the  produce  of  several  species  of  Canarium  trees, 
principally  Canarium  strictum  which  grows  in  the  Tinevelly 
district.    The  resin  is  collected  in  a  very  different  manner  from 
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that  adopted  with  other  resins;  the  natives  in  the  hot  season 
make  a  number  of  vertical  cuts  just  above  the  base  of  the  trunk 
and  then  set  fire  to  the  tree  below  these  cuts ;  by  this  means  they 
kill  the  tree,  which  is  now  left  for  two  years,  at  the  end  of  which 
time  a  quantity  of  resin  will  have  exuded  from  the  trunk ;  this 
resin  is  collected  in  the  months  of  February  and  March.  The 
resin  flows  for  some  years  after  the  tree  has  been  killed.  In  the 
Coimbatore  district  a  somewhat  different  system  is  used  to  collect 
the  resin ;  firewood  is  piled  round  the  tree  to  the  height  of  about 
1  yard ;  this  is  fired  and  allowed  to  burn  out ;  the  resin  sub- 
sequently exudes  from  the  tree  to  about  as  high  as  the  flames  of 
the  fire  extended.  The  flow  lasts  for  10  to  12  years,  and  principally 
occurs  during  the  months  of  November  and  April ;  generally,  the 
resin  is  collected  in  J anuary. 

A  tree  will  yield  200  lbs.  of  resin.  Black  dammar  occurs  in 
large  black  or  brownish-black  pieces,  which  are  opaque  when 
viewed  in  the  mass,  but  in  thin  slices  are  transparent;  it  is 
homogeneous  and  vitreous  in  structure,  breaking  with  a  clear, 
conchoidal  fracture.  Specific  gravity,  1*090.  It  is  not  very 
soluble  in  cold  alcohol,  but  dissolves  in  hot  alcohol ;  it  is  soluble 
in  turpentine.  On  distillation  it  yields  a  large  quantity  of  oil 
resembling  rosin  oil. 

It  is  used  in  India  for  making  varnishes,  but  in  this  country 
it  is  rarely  seen,  and  it  is  doubtful  whether  there  would  be  much 
demand  for  it,  as,  on  account  of  its  colour,  it  cannot  be  used  for 
many  kinds  of  varnishes  and  for  some  purposes  it  cannot  compete 
with  the  cheaper  rosin. 

Mastic.  —  This  resin  is  the  product  of  the  lentisc  tree, 
Pistachia  lentiscus,  which  grows  in  all  countries  washed  by  the 
Mediterranean  ;  Spain,  Portugal,  Italy,  Greece,  the  islands  on  the 
Greek,  Turkish,  and  Levant  coasts,  North  Africa,  &c.  The  prin- 
cipal portion  of  the  mastic  comes  from  the  district  around  Chios, 
one  of  the  principal  islands  of  the  Greek  archipelago.  The 
mastic  tree  is  shrubby,  growing  to  a  height  of  from  4  to  5  feet ; 
the  bark  contains  numerous  resin  vessels  from  which  the  resin  is 
exuded  in  fairly  large  quantities  on  making  excisions.  About  the 
months  June  to  August  the  natives  of  the  mastic  district  make 
many  vertical  incisions  in  the  bark  of  the  stem  and  branches, 
keeping  these  open  during  the  period  mentioned ;  the  resin  flows 
freely  and  soon  becomes  dry  and  hard ;  about  two  or  three  weeks 
after  the  cutting  the  resin  is  collected  in  small  paper  baskets,  great 
care  being  taken  to  keep  the  resin  clean ;  with  the  same  object 
the  ground  below  the  tree  is  kept  free  from  loose  dirt,  so  that  any 
resin  which  may  accidentally  fall  from  the  tree  may  not  get 
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dirty.  The  lower  branches  of  the  tree  frequently  exude  resin 
spontaneously ;  this  is  considered  to  be  of  a  superior  quality  and 
is  kept  apart  from  the  rest.  A  tree  in  good  condition  will  yield 
from  8  to  10  lbs.  per  annum,  but  in  the  rainy  season  only  |  lb., 
showing  a  considerable  difference  in  the  yield,  which  is  much 
less  in  such  seasons. 

Mastic  is  sent  into  commerce  in  several  forms  : — 1st,  Cake, 
which  is  in  the  form  of  large  pieces,  and  is  the  best  quality  of 
mastic ;  this  variety  is  largely  used  as  a  chewing  gum  in  Turkey. 
2nd,  Large  mastic ;  this  variety  is  mostly  used  as  a  chewing  gum. 
3rd,  Small  mastic ;  this  occurs  in  small  tears,  and  is  the  variety 
mostly  met  with  in  this  country  and  which  is  used  for  making 
varnishes  and  for  other  industrial  uses. 

Mastic  comes  in  the  form  of  small  tears  of  from  ^  to  ^  an  inch 
long,  mostly  of  a  pale  yellow  colour,  but  sometimes  they  have  a 
faint  greenish  tint ;  old  specimens  are  darker  than  fresh  samples. 
The  outer  surface  of  the  tears  is  often  powdery  and  the  tears 
appear  to  be  opaque ;  sometimes  the  tears  are  quite  clear  and 
transparent.  Mastic  is  rather  brittle  and  breaks  with  a  conchoidal 
glassy  fracture.  Fresh  mastic  has  a  pleasant  balsamic  odOTtr. 
It  softens  readily  when  placed  in  the  mouth,  a  character  dis- 
tinguishing it  from  sandarac,  which  resembles  it  in  form.  Its 
specific  gravity  is  about  1'056  to  1*060;  it  melts  at  from  105** 
to  120°  0.  (221°  to  248°  F.);  but  softens  below  100°  C.  It  is 
soluble  in  turpentine,  alcohol,  chloroform,  amyl  alcohol,  and 
acetone,  but  not  in  petroleum  spirit.  It  is  used  in  making 
varnishes  for  pictures ;  a  combination  of  mastic  varnish  and 
linseed  oil  forms  the  peculiar  artists*  medium  known  as 
megilp. 

Manila  Copal. — This  resin  is  the  product  of  various  species 
of  trees  growing  in  the  Philipine  Islands.  It  is  gathered  by  the 
inhabitants  and  exported,  chiefly  from  Manila,  the  principal  town 
of  the  islands ;  hence  it  is  called  Manila  copal.  The  use  of  the 
term  copal  is  misleading,  as  it  does  not  resemble  the  copals  in 
its  properties.  The  only  similarity  is  that,  like  these,  it  is  of 
vegetable  origin. 

Manila  copal  occurs  in  small  pebble -like  pieces  of  a  pale 
brownish-yellow  colour,  varying  slightly  in  different  samples. 
Its  specific  gravity  is  about  1*062.  It  differs  very  much  from 
the  true  copals  in  all  its  properties ;  it  is  much  softer ;  melts  at 
from  230°  to  250°  F. ;  and  at  a  temperature  a  little  above  this 
begins  to  distil  over,  the  distillate  consisting  of  both  acid  water 
and  an  oil  having  a  very  empyreumatic  odour. 

Manila  copal  swells  when  placed  in  petroleum  spirit,  and  a 
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little  dissolves;  it  is  soluble  in  ether,  and  partially  soluble 
in  benzene,  chloroform,  and  turpentine ;  in  alcohol  it  dis- 
solves to  a  turbid  solution.  Manila  copal  which  has  been 
melted  is  much  more  soluble  than  fresh  copal,  the  fused 
gum  being  freely  soluble  in  all  solvents  except  alcohol,  which 
does  not  dissolve  it  any  more  freely  than  the  fresh  resin. 
It  is  used  in  making  spirit  varnishes,  more  for  the  purpose 
of  giving  elasticity  to  other  resins  than  for  any  brilliancy 
and  hardness  it  possesses  of  itself.  It  leaves  a  fairly  durable 
coat  behind  it,  and  is  much  used  in  the  preparation  of  enamel 
paints. 

Manila  Copal  Oil. — When  Manila  copal  is  distilled,  an  oil 
is  obtained  which  is  rose  to  red  in  colour,  with  a  specific  gravity 
of  0-9069.  It  is  soluble  in  ether,  carbon  tetrachloride,  carbon 
bisulphide,  benzol,  and  turpentine,  and  but  slightly  in  alcohol 
and  petroleum  ether.  It  is  distinctly  acid  in  reaction,  and 
requires  28  per  cent,  caustic  potash  to  neutralise  it  and  45*7 
per  cent,  to  saponify  it.  It  has  a  high  absorptive  power  for 
iodine,  taking  up  230  per  cent.  It  boils  at  a  low  tempera- 
ture, but  contains  high  boiling  portions,  34  per  cent,  distilling 
over  at  250°  C.  On  keeping,  Manila  copal  oil  is  slightly 
volatile;  the  residue  is  distinctly  less  acid.    See  Analyst,  1905, 


SPIRIT-VAHNISH  RESINS.— This  group  of  resins  com- 
prises those  which  are  soluble  in  alcohol  or  methylated  spirit  and 
they  form  an  important  and  valuable  group.  The  spirit- varnish 
resins  include : — 


Some  of  these  have  already  been  described,  leaving  but  a  feAV 
that  require  to  be  dealt  with. 

Lac  is  a  most  important  product  from  many  points  of  view. 
In  its  origin  it  differs  from  the  resins  previously  described.  Lac 
is  a  resinous  incrustation  found  on  the  twigs  of  many  species  of 
Indian  trees,  the  number  and  variety  of  which  has  not  as  yet 
been  properly  ascertained.  The  following  is  a  list  of  the  most 
important  lac  trees  : — Palas  or  dhak  tree,  Butea  frondosa;  the 
peepul  tree,  Ficus  religiosa;  the  koosum  tree,  Schleichera  trijuga; 
Acacia  arabica,  Acacia  catechu,  various  species  of  Groton  (laccir 
ferum,  draco,  sanguiferum),  Butea  superba,  various  species  of 
Ficus  {elastica,  cordifolia,  venosa,  villosa,  indica,  glomerata,  &c.), 
Mimosa  cinerea,  &c.    All  the  lac  trees  have  a  very  gummy  or 
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resinous  sap.  The  lac  is  not  a  direct  product  of  the  tree,  but  is 
formed  from  the  sap  by  the  female  of  the  lac  insect,  Coccus  lacca. 
The  insect  punctures  the  bark  of  the  tree  and  commences  to 
secrete  the  lac,  forming  it  into  cells  in  which  it  lays  its  eggs ;  the 
insect  becomes  in  time  completely  imbedded  in  the  lac,  breathing 
by  means  of  fine  filaments  which  it  sends  to  the  surface  for  that 
purpose ;  when  it  has  laid  its  eggs  it  dies  ;  after  the  young  insects 
are  hatched  they  puncture  the  lac  and  swarm  over  the  twig  or 
tree  branch ;  the  males  impregnate  the  females,  which  latter  then 
proceed  to  secrete  lac  as  their  ancestors  did  before  them ;  the 
insects  do  not  move  from  the  portion  of  the  tree  on  which  they 
first  swarmed.  The  tree  supplies  nourishment  to  large  quantities 
of  lac  insects,  but  at  the  expense  of  its  own  vitality ;  for,  after  a 
time,  it  begins  to  decay  and  then  it  ceases  to  be  able  to  support 
any  more  insects.  The  distribution  of  the  insects  from  place  to 
place  is  probably,  in  the  absence  of  any  efibrt  by  the  insects 
themselves,  effected  by  the  agency  of  other  insects  and  of  birds 
who  carry  the  young  from  tree  to  tree  j  of  late  years  artificial 
propagation  has  come  into  existence. 

The  principal  portion  of  the  lac  of  commerce  is  grown  in  India, 
but  it  is  also  obtained  from  other  Asiatic  countries.  The  lac  of 
Siam  has  a  great  reputation  for  quality.  It  is  also  found  in 
Ceylon,  Burmah,  China,  Malay  archipelago,  and  other  localities. 
In  India  lac  grows  principally  in  the  province  of  Bengal,  the 
capital  of  which  is  a  great  emporium  for  lac  in  all  its  states ;  in 
this  province  the  jungle  districts  of  Chota  JSTagpore,  Orissa,  and 
Beerbhoom,  are  the  chief  localities.  It  is  collected  twice  a  year, 
from  about  the  middle  of  October  to  January,  and  from  the  middle 
of  May  to  the  middle  of  July.  In  the  Scinde  State  it  is  found 
abundantly  in  the  forests  surrounding  Hyderabhad,  where  it  chiefly 
grows  on  the  babool  tree.  Acacia  Arahica ;  the  tree,  however,  is 
not  attacked  by  the  insects  while  it  is  in  the  full  vigour  of  its 
growth,  but  as  soon  as  it  begins  to  wither  the  insects  attack  it 
and  thrive  well  upon  it,  eventually  killing  it.  The  period  of 
gathering  the  lac  extends  from  October  to  the  following  April. 
It  is  mostly  consumed  locally,  being  used  to  produce  the  famous 
lacquered  ware  for  which  Hyderabhad  is  noted.  Assam  is  a  great 
lac  country,  and  lac  is  collected  in  large  quantities ;  much  is  used 
locally,  but  still  a  large  quantity  finds  its  way  to  Calcutta  for 
export.  In  the  Central  Provinces  large  quantities  of  lac  are  pro- 
duced, in  the  east  districts  especially.  Jubbulpore  is  a  great 
centre  for  lac;  the  district  itself  supplies  a  great  deal,  and  much 
comes  into  the  city  from  Rajpore,  Bilaspore,  Mundla,  and  Sangor; 
most  of  it  is  used  locally  in  the  manufacture  of  ornaments  of 
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various  kinds,  and  the  rest  is  sent  to  Bombay  for  export.  Sum- 
bulpore  and  Mirzapore  are  also  places  of  note  in  the  lac  trade. 
Sobhapore,  in  the  Hoshungabad  district  of  the  Central  Provinces, 
is  a  large  centre  of  the  lac  trade,  the  lac  coming  into  it  from 
Futtehpore,  Bankheri,  the  Nerbuddha  Hills,  Nursinghpore,  and 
other  places.  The  towns  of  Hoshungabad  and  Babai  are  also 
places  of  trade  in  lac.  From  Oudh  comes  supplies  of  lac  which 
is  found  principally  in  the  forests  of  the  south-eastern  districts, 
where  it  grows  chiefly  on  the  Ficus  religiosa.  In  the  Punjab  lac 
is  found  in  large  quantities,  although  of  inferior  quality ;  it  is 
sent  to  Calcutta  for  export.  There  are  many  other  localities 
where  lac  is  obtained  in  large  or  small  quantities  ;  some  of  it  is 
used  locally  for  a  great  variety  of  purposes,  and  the  rest  is  sent 
to  one  of  the  principal  seaports  for  export  to  Europe. 
Lac  comes  into  commerce  as — 


Another  lac  product  is  lac  dye,  which  at  one  time  was  largely 
imported  into  Europe  for  dyeing  purposes,  but  since  the  intro- 
duction of  the  coal-tar  colours  it  has  completely  fallen  into  disuse. 

1.  Stick  lac  is  the  crude  product  just  as  it  is  taken  from  the 
trees ;  it  rarely  comes  into  English  commerce,  as  it  does  not  pay 
to  export  useless  twigs  of  trees.  Stick  lac  is  in  the  form  of  short 
pieces  (about  2  to  3  inches  long)  of  the  twigs  with  the  lac  in- 
crusting  them ;  it  is  cut  into  these  lengths  for  convenience  of 
carrying,  (fee.  Stick  lac  is  sent  from  the  forests  and  jungles, 
where  it  is  collected,  to  the  difierent  towns  for  manufacture  into 
lac  products.  The  process  of  manufacture  is  very  simple,  and  is 
carried  out  in  a  very  crude  manner,  although  of  recent  years  im- 
provements have  been  made  with  the  view  of  increasing  both  the 
quantity  and  quality  of  the  products. 

The  process  of  lac  manufacture  consists  in  first  separating  the 
lac  from  the  woody  portion  of  the  stick  lac ;  this  is  done  by 
placing  the  stick  lac  on  a  table  and  passing  a  roller  over  it;  the 
lac  being  brittle  is  broken  and  separated  from  the  wood  almost 
entirely ;  the  little  that  is  left  adhering  to  the  wood  is  picked  off 
by  hand.  The  wood  is  thrown  away,  the  lac  is  taken,  broken 
into  small  pieces  about  \  inch  in  size,  placed  in  large  tubs  with 
warm  water,  and  worked  by  the  workmen  getting  into  the  tubs 
and  treading ;  this  process  extracts  the  colouring  matter  from  the 
lac,  and  is  continued  until  the  wash  waters  remain  clear.  The 
lac  left  behind  is  known  as  "seed  lac."    The  liquor  is  boiled 
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down  dry,  and  the  resulting  solid  mass  is  formed  into  cakes  and 
sold  as  "  lac  dye." 

2.  Seed  lac, — This  is  the  partly  manufactured  product  obtained, 
as  described  above,  by  treating  stick  lac  with  water ;  this  is  some- 
times sold  for  various  purposes,  but  it  is  mostly  manufactured 
into  the  other  lac  products. 

3.  Shellac. — This  is  the  principal  lac  product  and  the  variety 
which  is  mostly  used  in  this  country  for  varnish  making.  Shellac 
is  made  from  seed  lac  as  follows  : — The  seed  lac  is  dried  and 
placed  in  large  bags  made  of  cotton  cloth  of  a  medium  texture. 
Two  men  take  hold  of  the  bag  of  seed  lac,  one  at  each  end,  and 
hold  it  in  front  of  a  charcoal  fire ;  the  heat  of  the  fire  soon  melts 
the  lac,  which  flows  out  of  the  bag,  the  men  assisting  the  flow  by 
twisting  the  bag  from  each  end  in  opposite  directions,  so  as  to 
squeeze  the  liquid  lac  out  of  the  bag ;  the  molten  lac  drops  into 
a  trough  placed  in  front  of  the  fire.  A  cylinder  (made  of  difierent 
materials  at  different  localities)  of  wood,  with  the  upper  half 
covered  with  brass,  or  it  may  be  made  of  porcelain  or  of  the 
finely  polished  stem  of  the  plantain.  This  cylinder  is  set  in  a 
somewhat  inclined  position,  and  the  operator,  taking  up  a  ladleful 
of  the  molten  shellac  from  the  trough,  pours  it  on  the  upper  sur- 
face of  the  cylinder,  while  an  assistant,  by  means  of  a  leaf  of 
plantain,  spreads  the  melted  material  over  the  surface  of  the 
cylinder.  It  soon  sets,  when,  by  means  of  a  knife,  it  is  stripped 
from  the  cylinder,  and  is  then  ready  for  sale  as  "shellac." 

The  best  quality  of  shellac  has  a  pale  and  bright  orange  colour, 
and  is  hence  known  as  "orange  shellac;"  but  in  the  market 
many  qualities  are  recognised  distinguishable  from  one  another 
by  their  colour,  by  their  freedom  from  dirt  and  grit,  and  by  their 
transparency. 

4.  Button  lac  is  only  different  from  shellac  in  form.  Instead 
of  being  made  into  thin  sheets  the  melted  shellac  is  poured  on  to 
plates  in  such  a  manner  that  it  sets  in  the  form  of  large  round  fJat 
pieces,  which,  owing  to  their  thickness,  appear  of  a  dark  brown 
colour;  but  are  of  a  dark  ruby  colour  on  being  looked  through. 

5.  Garnet  lac  is  very  similar  to  button  lac,  but  is  made  into 
thick  flat  pieces,  which,  in  colour,  resemble  those  of  button  lac. 
Usually  the  quality  of  lac  made  into  button  or  garnet  lac  is  not 
so  good  as  that  from  which  orange  shellac  is  made. 

For  making  varnishes  either  shell,  button,  or  garnet  lac  may  be 
used,  but  the  latter  two  are  only  used  for  making  the  commoner 
kiuds  of  shellac  varnish,  where  colour  is  not  so  much  an 
object ;  for  the  best  qualities  of  spirit  varnishes  only  orange 
shellac  is  used. 
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Of  late  years  some  improvements  have  been  adopted  in  one  or 

two  large  lac  factories  in  India.  The  lac  is  better  washed, 
whereby  more  colouring  matter  is  extracted  from  the  crude  lac; 
then,  the  appliances  for  melting  and  straining  and  converting  the 
lac  into  its  shell  form  are  considerable  improvements  on  the 
primitive  methods  described  above. 

Lac  comes  into  commerce  in  three  forms — shellac,  in  thin  flakes 
of  an  orange  colour,  varying  a  little  in  shade  and  transparency; 
button  lac,  in  large  round  flat  masses  of  a  dark  colour;  and  as 
garnet  lac,  in  irregularly  shaped  flat  pieces  of  a  dark  ruby  colour. 
It  is  rather  brittle  and  easily  broken  up  into  small  pieces. 
Occasionally  it  is  artificially  coloured  with  orpiment  or  mixed 
with  rosin,  but  such  adulterations  are  rare. 

Lac  is  incompletely  or  only  partially  soluble  in  alcohol  or 
methylated  spirit,  forming  a  turbid  brownish-orange  solution, 
which  is  largely  sold  as  French  polish  and  varnish  for  cabinet 
and  other  work;  it  is  soluble  in  amyl  alcohol. 

Lac  is  only  partially  soluble  in  ether,  chloroform,  and  turpen- 
tine, while  it  is  insoluble  in  petroleum  spirit.  It  is  soluble  in 
solutions  of  caustic  potash,  and  of  caustic  soda  to  dark  red  solu- 
tions. In  borax  solution  and  in  weak  ammonia  it  is  also  soluble, 
and  such  solutions  are  sometimes  used  as  water  varnishes.  One 
point  of  interest  in  the  solubility  of  shellac  in  such  alkaline 
liquors  is  that  the  colouring  matter  is  first  dissolved  away  from 
the  resin  proper,  leaving  the  latter  of  a  pale  colour;  this  property 
is  taken  advantage  of  in  preparing  white  shellac.  Chlorine 
passed  through  alkaline  solutions  of  lac  throws  down  the  resin 
free  from  colour.  Lac  has  a  specific  gravity  of  1*1 13  to  1*214,  the 
darker  varieties  being  the  heavier. 

Crude  stick  lac  freed  from  woody  matter  contains  66*67  per 
cent,  of  resin,  6  per  cent,  of  wax,  6  per  cent,  of  gluten,  and  10*8 
per  cent,  of  colouring  matter.  In  shellac  five  distinct  resins  have 
been  separated — (1)  resin  soluble  in  alcohol  and  ether;  (2)  resin 
soluble  in  alcohol,  but  insoluble  in  ether;  (3)  resin  slightly 
soluble  in  alcohol;  (4)  a  crystallisable  resin;  and  (5)  an  uncrys- 
tallisable  resin.  These  constitute  about  90  per  cent,  of  the 
shellac.  There  are  in  addition  (6)  fatty  matter;  (7)  wax;  (8) 
gum ;  and  (9)  colouring  matter. 

Bleached  or  White  Shellac. — Shellac  may  be  bleached  in  two 
or  three  ways.  One  method  is  to  boil  ordinary  shellac  in  a  weak 
solution  of  carbonate  of  potash,  and  when  dissolved  passing  a 
current  of  chlorine  through  it ;  the  lac  precipitated  is  collected, 
melted  under  water,  and  then,  while  soft,  pulled  so  as  to  give  it 
a  fibrous  satiny  appearance.    Another  method  is  to  boil  the 
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shellac  in  a  weak  solution  of  potash,  and,  while  melted,  pulling 
and  working  together  until  the  desired  whiteness  has  been 
attained.  Then  the  shellac  is  remelted  and  repulled  in  clean 
warm  water.  White  shellac  is  sold  in  the  form  of  long  cylindrical 
pieces  having  a  fibrous  satiny  appearance.  It  is  used  for  making 
white  varnishes  and  for  other  purposes  where  a  white  shellac  is 
required;  as  it  is  sold  in  rather  a  wet  condition  it  is  necessary  to 
dry  it  before  using  it.  White  shellac  deteriorates  on  keeping, 
becoming  insoluble  in  alcohol  and  borax. 

Elemi. — Under  this  name  several  varieties  of  a  resinous  matter 
come  into  commerce  which  are  used  as  a  softener  or  toughener 
for  varnishes. 

1.  Manila  Elemi, — This  comes  from  the  Philipine  Islands  and 
is  the  product  of  a  tree  known  as  Canarium  commune  to  bota-nists, 
which  principally  grows  in  the  island  of  Luzon ;  the  supply  is 
sent  through  Manila.  This  variety  of  elemi  is  white  when  quite 
pure  and  of  good  quality,  although  some  samples  have  a  grey 
appearance  and  others  appear  to  be  composed  of  two  or  three 
sorts  of  resins.  The  resin  is  soft  and  has  a  granular  appearance  ; 
when  exposed  to  the  air  for  some  time  it  becomes  hard,  owing  to 
the  evaporation  of  the  volatile  oil  present  in  freshly-gathered 
elemi.  The  odour  is  slightly  turpentiney.  When  distilled  this 
elemi  yields  about  10  per  cent,  of  an  oil  resembling  turpentine 
in  its  composition.  Elemi  begins  to  soften  at  about  75°  to  80°  0., 
and  is  quite  liquid  at  120°  0.  It  is  soluble  in  alcohol  and  in 
most  other  solvents.  It  is  used  in  varnishes  to  give  elasticity  or 
toughness. 

2.  Mexicari  Elemi, — This  variety  is  obtained  from  a  tree  known 
as  Amyris  elemifera.  In  its  essential  properties  it  resembles 
Manila  elemi,  but  is  rather  darker  coloured  and  harder  in  appear- 
ance and  consistency.    It  is  not  very  common. 

3.  Brazilian  elemi  is  supposed  to  come  from  trees  belonging  to 
the  genus  Icica^  but  is  not  an  article  of  regular  importation  into 
this  country. 

4.  Mauritius  elemi  is  supposed  to  come  from  the  tree  Golophonia 
Mauritiana,  and  is  stated  to  resemble  Manila  elemi  in  appearance 
and  properties. 

Benzoin. — Gum  benzoin  or  gum  benjamin  is  a  balsamic  resin 
which  exudes  from  Styrax  benzoin,  a  native  of  Sumatra,  Java, 
Borneo,  Siam,  Laos,  and  other  places  in  the  same  region.  The 
commercial  product  comes  principally  from  Siam  and  Sumatra. 
The  Malays  know  it  by  the  name  ^'kaminian."  In  the  coast 
regions  of  North  and  East  Sumatra  it  is  cultivated  from  seed. 
Jn  about  seven  years  it  obtains  a  diameter  of  6  to  8  inches  and  is 
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then  ready  to  be  cut.  The  natives  make  incisions  in  the  tree  and 
the  resin  exudes  from  them  very  freely,  each  tree  yielding  about 
3  lbs.  annually;  for  the  first  three  years  the  product  is  of  first- 
class  quality,  of  a  yellowish- white  colour  and  soft  with  a  fragrant 
odour;  after  the  third  year  the  product  is  darker  in  colour,  harder 
and  not  so  fragrant;  after  about  nine  years  it  is  not  worth  collect- 
ing.  In  the  interior  regions  the  resin  is  collected  from  wild  trees. 

The  benzoin  imported  into  England  mainly  comes  from  Siam 
and  Sumatra.  The  two  varieties  differ  slightly  in  appearance 
and  properties. 

Siam  benzoin  occurs  either  in  agglutinated,  flattened,  some- 
what opaque,  milk  white  tears  or  in  large  agglomerations  of 
white  masses  distributed  through  an  amber-coloured,  rather 
translucent  matrix.  It  is  brittle,  and  has  a  strong  characteristic 
vanilla-like  odour.  It  is  readily  softened  by  heat ;  it  is  quite 
soft  at  75°  0.  and  fluid  at  100°  C. 

Sumatra  benzoin  is  rather  greyer,  and  is  in  the  form  of  an 
agglomerate  mass  with  white  tears  distributed  through  a  darker 
translucent  matrix.  Its  odour  is  not  so  strong  as  that  of  Siam 
benzoin  and  it  does  not  melt  so  easily. 

Ludz  states  that  it  contains  about  12  to  15  per  cent,  of 
ligneous  matter.  The  resin  contains  cinnamate  of  benzoresinol, 
5  per  cent. ;  cinnamate  of  resinotannol,  64  per  cent. ;  cinnamic 
acid,  30  per  cent.;  with  small  quantities  of  vanillin  and  benzoic 
acid  ;  it  is  therefore  a  source  for  the  preparation  of  cinnamic 
acid;  while  the  benzoresinol  and  the  resinotannol  can  be  em- 
ployed in  making  picric  acid. 

Penang  benzoin  contains  about  10  per  cent,  ligneous  matter, 
much  benzoic  acid,  and  little  or  no  cinnamic  acid. 

Palembang  benzoin  contains  7  to  8  per  cent,  of  impurities, 
benzoic  acid,  and  no  cinnamic  acid. 

Benzoin  has  a  peculiar  fragrant  odour,  and  is  slightly  heavier 
than  water;  its  specific  gravity  being  about  1*092  to  1*145.  It 
melts  at  a  gentle  heat  and  gives  off  white  vapours  of  benzoic  acid 
with  a  small  quantity  of  volatile  oil.  Alcohol  dissolves  most  of 
it,  ether  rather  less,  but  turpentine  and  petroleum  spirit  dis- 
solve very  little.  Treated  with  sulphuric  acid,  benzoin  or  an 
alcoholic  solution  turn  bright  red,  while  with  ferric  chloride  a 
green  colour  is  produced. 

Benzoin  finds  a  small  use  in  varnishes,  chiefly  on  account  of 
the  odour  which  it  imparts  to  the  varnish ;  it  is  also  used  in 
making  perfumes,  incense,  <fec. 

3rd.  G-XJMS. — The  true  gums,  such  as  gum  arable  (the  type  of  a 
true  gum),  gum  tragacanth,  and  a  few  others  are,  like  the  resins^ 
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exudations  from  trees,  and  are  collected  much  in  the  same  manner. 
They  differ  from  resins  in  one  or  two  important  particulars.  In 
the  first  place,  they  are  more  or  less  soluble  in  water ;  some,  like 
arabic  or  acacia  gums,  are  completely  soluble ;  others,  like  gum 
ghatti,  are  partially  soluble;  while  others  again,  like  tragacanth, 
are  not  properly  dissolved  by  water,  although  acted  upon  by  that 
vehicle.  The  true  resins  are  quite  insoluble  in  water.  On  the 
other  hand,  the  gums  are  quite  insoluble  in  alcohol  and  other 
similar  solvents. 

The  gums,  which  belong  to  the  third  group  of  varnish  mate- 
rials, are  almost  exclusively  used  for  making  water  varnishes,  or 
(as  in  water-colour  painting  and  in  some  kinds  of  distemper  work) 
as  fixing  agents  to  fasten  the  pigment  on  to  the  work. 

Besides  the  gums  proper  there  are  used  in  making  water  var- 
nishes gelatine  or  glue,  dextrine  or  British  gum  and  albumen. 

Gum  Arabic. — The  name  of  this  gum  is  a  misnomer,  because 
it  would  indicate  that  it  comes  from  Arabia,  whereas  but  little, 
if  any,  now  comes  from  that  country ;  probably  in  early  times  it 
may  have  been  obtained  from  that  country,  or,  at  least,  imported 
through  it  and  hence  the  term  "arabic"  arose.  It  is  also  known  as 
gum  acacia,  from  the  trees  which  yield  it ;  but  gum  arabic,  despite 
its  error,  is  the  name  by  which  it  is  best  known  in  the  trade,  and 
therefore  it  will  be  retained  here. 

The  species  of  J  cacia  are  profusely  distributed  throughout  the 
tropical  parts  of  Africa,  Asia,  and  Australia,  and  are  all  gum- 
producers.  The  gums  vary  a  little  in  appearance  and  properties, 
but  all  are  more  or  less  soluble  in  water,  and  give  with  that 
solvent  a  strongly  adhesive  mucilage  useful  for  a  great  variety  of 
purposes.  These  gums  are  distinguished  in  the  trade  by  terms 
descriptive  either  of  their  place  of  origin  or  of  their  quality,  such 
as  picked  Turkey,  white  Sennaar,  Senegal,  Cape,  Mogador,  Indian, 
Ghatti,  Wattle,  brown  Barbary,  &c.  It  is  not  necessary  to  enter 
into  a  very  full  description  of  all  the  varieties  of  gum  arabic,  as 
these  are  of  little  importance  in  connection  with  the  topics  dealt 
with  in  this  book 

Ficked  Turkey  or  ivhite  Sennaar  arabic  is  the  produce  of  Acacia 
Senegal^  a  tree  growing  in  the  Upper  Nile  regions  and  in  Kordofan, 
where  it  is  collected  by  the  natives  and  shipped  to  Egyptian  ports 
for  exportation.  Gum  Senegal  is  the  produce  of  the  same  species 
of  Acacia,  and  is  collected  in  the  French  province  of  Senegal. 
This  variety  of  gum  is  very  varied  in  quality,  ranging  from  a  fine 
white  gum  to  a  dark  somewhat  reddish  gum.  It  is  exported 
from  Senegal  almost  entirely  to  Bordeaux,  and  but  little  comes 
into  England,.    The  best  qualities  are  used  for  pharmaceutical, 
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confectionery,  and  other  purposes,  while  the  common  qualities 
find  a  use  in  textile  industries,  varnish-making,  and  for  making 
mucilages.  Suahim  or  Soudan  gum  is  a  variety  of  gum  arabic 
derived  from  two  other  species  oi  Acacia,  A.  stenocarpa,  the  talch 
or  talha  tree  of  the  Arabs,  and  A,  Seyal,  the  soffar  tree  of  the 
natives.  This  variety  is  collected  in  the  Upper  Nile  regions  and 
in  the  districts  through  which  some  of  its  tributaries  flow.  It  is 
sent  into  commerce  either  through  Khartoum,  or,  more  largely, 
through  Suakim,  a  port  on  the  Red  Sea.  Yery  large  quantities  of 
this  gum  come  into  the  English  market,  and  it  forms  the  main 
source  of  the  gum  arabic  used  for  general  commercial  purposes. 
Its  quality  varies  somewhat,  from  a  good  fine  white  gum  to  a  dark 
discoloured  sort.  Morocco  gum  arabic  is  said  to  come  from  Acacia 
gummifera,  but  its  source  is  somewhat  uncertain.  It  is  only 
collected  in  small  quantities,  and  is  chiefly  exported  through 
Mogador.  It  occurs  in  large  globular  tears  of  a  brownish  tint, 
from  which  circumstance  it  is  sometimes  known  as  brown  Barbary 
gum.  Gape  gum. — The  doornboom,  Acacia  horrida,  one  of  the 
commonest  trees  of  South  Africa,  yields  a  large  quantity  of  a 
brownish  gum,  which  differs  from  gum  arabic  in  not  being  so 
completely  soluble  in  water.  It  is  used  in  the  Cape  Colony  and 
surrounding  districts  in  place  of  gum  arabic,  and  is  exported  to  a 
small  extent.  East  Indian  gum, — Much  of  what  is  sold  as  East 
Indian  gum  arabic  is  African  produce,  exported  by  way  of  Aden 
and  Bombay,  and  does  not  differ,  therefore,  from  Suakim  gum  in 
quality.  Several  species  of  Acacia  grow  in  India  and  yield  gum, 
which  is  collected  and  used  locally,  but  a  little  finds  its  way 
into  this  country.  Not  much  is  known  about  these  Indian  gums. 
The  Acacia  arahica  grows  in  Bengal,  the  Deccan,  and  Coromandel. 
The  Acacia  catechu,  the  cutch  tree,  yields  a  gum  of  rather  dark 
colour,  but  otherwise  equal  to  gum  arabic  in  quality.  Acacia 
speciosa  yields  a  gum,  known  in  India  as  the  siris  gum,  which  is 
of  good  quality.  From  other  Indian  Acacias  gums  are  obtained 
in  smaller  quantities.  Besides  the  Acacias  other  trees  yield  gums 
which  sometimes  find  their  way  into  the  English  market,  such, 
for  example,  as  gum  ghatti ;  these  gums  are  not  so  good  as  true 
gum  arabic.  The  gums  from  the  Australian  wattles  (which  are 
various  species  of  A  cacia,  the  principal  tree  being  the  green  wattle) 
A.  decurrens,  A.  pycnantha,  A.  homalophylla.  A,  harpophylla,  and 
A.  Bidwilli,  are  of  smaller  importance.  The  quantity  of  gum 
obtained  is  rather  larger  than  from  African  trees,  and  is  of  good 
quality. 

The  following  description  is  nearly  applicable  to  all  the  above 
varieties  of  gums.    Gum  arabic  occurs  in  roundish  or  ovoid  or 
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evtn  vermicular  masses  of  various  sizes;  the  surface  always  has 
a  glistening  appearance,  the  colour  varies  from  an  almost  colour- 
less gum  to  a  faint  reddish  or  brownish  tinted  gum.  While  some 
pieces  are  transparent,  many  are  simply  translucent,  and  some 
are  opaque  ;  they  are  brittle  and  easily  friable,  although  this 
property  is  a  variable  one,  the  Australian  gums  being  less  Iriable 
than  the  others ;  gum  Senegal  is  generally  the  most  friable. 
These  gums  are  quite  free  from  odour,  and  their  taste  is  slight. 
They  are  quite  soluble  in  water;  the  best  qualities  take  about  1|- 
times  their  weight  of  water  to  form  a  thick  viscid,  highly  adhesive 
mucilage,  which  is  insoluble  in  alcohol ;  hence  the  addition  of 
alcohol  to  the  aqueous  solution  causes  the  precipitation  of  the 
gum.  A  solution  of  subacetate  of  lead  added  to  the  aqueous 
solution  results  in  the  formation  of  an  opaque  white  jelly.  Iodine 
does  not  produce  any  colour  in  solutions  of  gum  arable.  Nitric 
acid  converts  them  into  mucic  and  oxalic  acids  ;  while  boiling 
with  sulphuric  acid  converts  them  into  dextrine  and  sugar. 

Gum  arable  consists  essentially  of  arabine,  a  compound  of 
arable  acid  (Cj2  ^22  ^11 )  ^i^^i  lime;  besides  this  compound  gum 
contains  traces  of  sugar,  dextrine,  colouring  matter,  tannin,  and 
mineral  matter. 

Gum  Tragacanth. — This  gum  is  an  exudation  from  various 
species  of  Astragalus^  of  which  the  most  common  is  A,  gum- 
mifera^  growing  in  Lebanon,  Syria,  Central  Asia  Minor,  and 
Armenia.  Other  species  of  Astragalus  growing  in  Asia  Minor, 
J udea,  Syria,  and  Persia  also  yield  gum  tragacanth,  which  comes 
into  commerce  principally  through  Baghdad.  Gum  tragacanth 
occurs  in  two  forms — (1)  leaf  gum,  in  strips  of  about  ^  to  f  inch 
wide,  and  2  to  3  inches  long;  (2)  "vermicelli"  gum,  in  long  round 
pieces.  It  is  of  a  dull  greyish  colour,  without  odour  or  taste. 
Placed  in  cold  water  it  does  not  dissolve,  but  swells  up  into  a 
gelatinous  mass,  which,  when  boiled  for  some  considerable  time, 
gradually  passes  into  a  kind  of  solution  forming  a  very  jelly- 
like fluid.  It  is  readily  soluble  in  alkaline  liquids,  but  not  in 
alcohol.  It  consists  essentially  of  a  compound  known  as  basso- 
rine  (Cg  H^^  Og),  which  is  insoluble  in  water  and  alcohol.  Be- 
sides this  there  is  generally  a  small  quantity  of  ordinary  arabine 
soluble  gum.  Gum  tragacanth,  owing  to  its  dull  appearance,  is 
not  used  in  varnish  making,  but  finds  a  use  as  a  thickener  in 
calico-printing,  and  for  a  few  other  purposes. 

Besides  these  two  gums,  other  kinds  of  gums  are  occasionally 
met  with  in  small  quantities  in  the  London  market.  Some 
resemble  gum  arable  in  their  properties,  and  can  be  used  for  the 
same  purposes;  others  resemble  gum  tragacanth;  while  some, 
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such  as  the  kuteera  gum  of  India,  appear  to  contain  both  soluble 
and  insoluble  gums. 

Dextrine  or  British  Gum. — This  product  sometimes  occurs 
in  water  varnishes.  It  is  prepared  by  acting  on  starch  either 
by  heat  alone  or  by  heating  with  a  small  quantity  of  acid; 
the  former  method  is  most  commonly  used  in  England,  and  gives 
the  best  dextrine;  the  acid  method  is  the  one  by  which  German 
dextrine  is  mostly  prepared.  Dextrine  comes  into  commerce  as 
a  powder  varying  in  colour  from  a  pale  yellow,  "white,"  to  a  dark 
brownish- yellow,  "yellow"  dextrine;  intermediate  varieties  being 
known  as  "canary."  Pure  dextrine  is  quite  white,  tasteless,  and 
free  from  odour,  the  commercial  varieties  have  a  sweetish  taste 
and  slight  odour.  Pure  dextrine  is  quite  soluble  in  water;  the 
solution  reduces  Fehling's  solution  and  gives  a  brownish  colour 
with  iodine.  The  solubility  of  the  commercial  dextrines  varies 
considerably;  some  are  quite  soluble,  others  are  only  partially 
soluble,  as  they  still  contain  some  unchanged  starch.  These  solu- 
tions reduce  Fehling's  solution,  and  often  give  a  blue  colour  with 
iodine.  The  solutions  have  more  or  less  adhesive  properties; 
hence,  dextrine  is  largely  used  for  adhesive  purposes  as  a  substi- 
tute for  gum  arable.  Dextrine  dries  with  a  fair  amount  of  gloss 
or  lustre;  hence  it  is  used  in  making  water  varnishes.  There 
is  a  considerable  difference  in  the  commercial  varieties  of  dextrine 
in  regard  to  both  their  adhesive  and  lustreing  properties,  some, 
while  giving  a  thick  mucilage,  have  little  adhesive  property,  and 
others  dry  with  little  gloss.  On  boiling  with  water,  dextrine 
gradually  loses  its  adhesive  properties,  which  change  is  hastened 
by  the  addition  of  small  quantities  of  acid;  this  is  due  to  the 
transformation  of  the  dextrine  into  sugar. 

Gelatine. — This  is  an  animal  product  obtained  by  boiling  the 
cartilaginous  tissues  of  animals,  bones,  &c.,  in  water,  and  evapor- 
ating the  solution  down  and  drying  the  product.  The  character 
of  the  product  varies  very  considerably  according  to  the  material 
from  which  it  is  extracted  and  the  care  with  which  the  process  of 
manufacture  is  carried  out.  The  finer  qualities  known  as  gela- 
tine are  generally  in  the  form  of  thin  sheets  of  7  or  8  inches  in 
length  by  2  or  3  inches  in  breadth ;  quite  white,  or  rather  colour- 
less, and  transparent  sheets  are  flexible  and  tough,  not  being 
readily  broken.  The  commoner  qualities  are  known  as  glue,  and 
vary  very  much  in  appearance;  the  better  qualities  are  made  in 
thin  sheets  of  the  same  size  as  the  gelatine  sheets  above  men- 
tioned, but  a  little  thicker;  they  are  of  a  pale  yellowish-white 
colour;  the  inferior  qualities  are  generally  made  in  sheets  of 
about  6  inches  square  of  varying  thickness  and  usually  of  a 
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reddish-brown  colour,  more  or  less  transparent.  Glue  is  valued 
on  account  of  its  adhesive  properties  and  is  u^>ed  in  many  arts. 
Gelatine  is  used  in  making  varnishes  and  for  fine  work,  where  a 
colourless  adhesive  is  required.  Gelatine  when  placed  in  cold 
water  swells  up  into  a  jelly-like  mass;  when  boiled  with  water  it 
dissolves,  forming  a  thick  viscid  solution  having  very  strong 
adhesive  properties;  on  cooling,  this  solution  forms  a  jelly-like 
mass.  It  takes  but  a  small  proportion  (from  J  to  1  per  cent.)  of 
gelatine  to  cause  a  solution  to  set  into  a  jelly  on  cooling.  Spread 
over  a  surface  gelatine  dries  with  a  fair  amount  of  lustre.  The 
dry  surface  is,  however,  sensitive  to  the  action  of  water;  but  by 
mixing  a  small  proportion  of  potassium  chromate  or  bichromate, 
and  afterwards  exposing  the  surface  to  the  action  of  light,  the 
gelatine  is  rendered  insoluble  in  water;  by  taking  advantage  of 
this  property  waterproof  varnishes  may  be  made  from  gelatine. 
It  only  requires  about  i  to  1  per  cent,  (of  the  weight  of  the 
gelatine)  of  the  chromates  to  effect  this  change.  Gelatine  is 
insoluble  in  alcohol,  and  the  addition  of  that  body  to  an  aqueous 
solution  causes  the  precipitation  of  the  gelatine  in  the  form  of  a 
viscid  adhesive  mass.  Tannin  likewise  precipitates  gelatine  from 
aqueous  solutions  as  also  do  solutions  of  various  gums.  Gelatine 
solutions,  if  kept,  decompose  and  evolve  a  putrid  odour;  this 
decomposition  may  be  prevented  by  the  addition  of  a  few  drops 
of  some  antiseptic,  such  as  thymol,  carbolic  acid,  salicylic  acid,  &c. 

Albumen. — Albumen  is  obtained  from  the  white  of  eggs  or 
from  blood-serum  by  a  process  of  drying,  when  it  forms  horny 
masses  of  a  pale  yellow  colour  and  high  lustre.  Egg  albumen  is 
the  best  of  the  two  varieties,  having  a  whitish  colour  and  the 
highest  lustre.  Albumen  is  soluble  in  cold  water;  but  ordinary 
commercial  samples  generally  contain  a  small  quantity  of  in- 
soluble albumen,  due  to  their  being  dried  at  rather  too  high  a 
temperature.  The  characteristic  property  of  albumen  is  that 
when  the  aqueous  solutions  are  heated  the  albumen  is  coagulated 
and  falls  as  a  white  insoluble  mass;  this  property  is  exceedingly 
characteristic  of  albumen,  and  upon  it  much  of  its  application  in 
calico-printing,  &c.,  is  based.  It  is  also  precipitated  from  its 
solutions  by  various  metallic  salts  and  by  alcohol.  Its  aqueous 
solutions  are  very  liable  to  decompose,  giving  off  small  quantities 
of  sulphuretted  hydrogen,  &c. ;  this  decomposition  may  be  pre- 
vented by  the  addition  of  antiseptics,  as  in  the  case  of  gelatine. 
Albumen  occurs  in  some  kinds  of  water  varnishes  which  are  almost 
entirely  composed  of  it  as  it  does  not  work  well  with  other  bodies. 

4tli.  SOLVENTS. — These  have  already  been  sufficiently 
described  (see  pp.  408  to  432). 
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6th.  DRIERS. — These  also  have  been  previously  dealt  with 
(see  p.  433,  et  seq,).  They  are  used  in  making  oil  varnishes 
for  the  same  purpose  as  in  paint  making — i,e.^  to  make  the 
varnish  dry  quicker.  They  should  be  used  very  sparingly,  as 
they  do  not  add  to  the  durability  of  the  varnish  at  all,  their 
tendency  being  to  make  the  coat  harder,  but  more  liable  to  crack, 
while  they  reduce  the  lustre  and  transparency. 

eth.  COLOURING  MATTERS.— The  materials  which  may 
be  used  in  the  manufacture  of  varnishes  for  the  purpose  of 
colouring  them  are  very  numerous,  and  the  number  has  been 
much  increased  of  late  years  by  the  introduction  of  the  coal-tar 
colours.  They  may  be  divided  into  two  groups  : — 1,  Natural 
colouring  matters,  and  2,  artificial  colouring  matters ;  the  latter 
group  is  now  by  far  the  most  numerous. 

1.  JSTATURAIi  COLOURING  MATTERS.— There  are  a 
fairly  large  number  of  these  bodies  at  the  disposal  of  the  varnish 
maker  ]  but  he  cannot  use  all  the  colouring  matters  which  may, 
or  can,  be  obtained  from  natural  sources,  as  one  important  pro- 
perty which  varnish  colours  must  possess,  viz.,  solubility  in  oil 
and  spirit,  is  not  possessed  by  many,  as,  for  example,  indigo, 
hsematoxylin,  and  the  colouring  matter  of  logwood.  The  follow- 
ing products  can  be  used  for  colouring  varnishes : — 

Turmeric. — This  natural  yellow  dyestuff  is  the  rhizome  or 
root-stem  of  several  species  of  Curcuma;  C.  longa^  C.  tinctoria,  and 
C.  rotunda  being  those  which  yield  the  largest  portion  of  the 
turmeric  of  commerce.  They  are  found  in  many  parts  of  Asia, 
but  the  principal  supply  comes  from  Bengal  and  Madras  in  India; 
some  comes  from  China,  Siam,  and  Singapore.  Turmeric  is  usually 
sold  in  the  form  of  root-shaped  masses,  some  varieties  being  more 
or  less  branched ;  these  are  externally  of  a  greyish  and  internally 
of  a  deep  orange-yellow  colour ;  in  taste  they  are  somewhat  bitter 
and  hot.  The  colouring  matter  is  but  slightly  soluble  in  cold,  but 
more  freely  soluble  in  hot  water  Alcohol  dissolves  the  colouring 
matter  from  turmeric  as  well  as  some  resinous  matter.  An  analysis 
of  turmeric  root  shows  it  to  contain  11  to  12  per  cent,  of  colouring 
matter,  10  to  11  per  cent,  of  a  yellow-brown  resin,  1  per  cent,  of  a 
volatile  oil,  14  per  cent,  of  gummy  matter,  57  per  cent,  of  starch, 
soluble  salts,  &c.,  and  about  7  per  cent,  of  water. 

The  colouring  principle  of  turmeric  is  called  curcumin,  a  body 
having  the  formula  C^^  H^^  O^.  It  can  be  obtained  from  turmeric 
by  digesting  the  powdered  root  with  water  until  no  more  colour 
is  extracted,  evaporating  down  the  solution  to  dryness,  extracting 
with  benzene  and  purifying  by  crystallisation  from  alcohol.  Other 
methods  for  extracting  it  can  be  adopted.    Curcumin  crystallises 
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from  hot  alcohol  in  needle-shaped  prisms,  having  an  orange-red 
colour  with  a  blue  reflection,  is  odourless,  and  melts  at  178°  C. 
It  is  slightly  soluble  in  water,  but  more  readily  soluble  in  alcohol, 
especially  when  boiling ;  it  is  also  soluble  in  wood  spirit  and  in 
glacial  acetic  acid ;  it  is  practically  insoluble  in  petroleum  ether. 
Strong  sulphuric  acid  dissolves  it ;  at  first  the  solution  has  a 
reddish  purple  colour,  but  this  soon  changes  to  black  owing  to 
charring  taking  place.  In  solutions  of  alkalies,  either  the  caustic 
or  carbonate,  curcumin  dissolves  with  a  reddish-brown  colour. 
Curcumin  is  very  sensitive  to  alkalies,  and  hence  is  often  used  as 
a  test  for  alkalinity,  the  merest  trace  of  alkali  being  sufficient  to 
turn  a  solution  of  turmeric  from  yellow  to  brown. 

A  very  characteristic  reaction  for  turmeric  and  its  colouring 
principle,  curcumin,  is  the  red  colour  which  it  gives  with  boric 
acid,  which  colour  is  quite  distinct  from  that  given  by  alkalies. 
This  colour  is  produced  when  an  aqueous  solution  of  boric  acid  is 
added  to  an  aqueous  solution  of  turmeric.  A  solution  of  borax, 
to  which  hydrochloric  acid  has  been  added  in  sufficient  amount 
as  to  make  the  solution  acid  to  litmus,  may  be  used  instead  of 
the  boric  acid.  Paper  coloured  with  turmeric  tincture,  dried, 
and  then  moistened  with  the  acidified  solution  of  borax,  shows 
this  reaction  very  well,  but  still  better  if  it  be  again  dried. 

Turmeric  root  is  rarely  adulterated,  but  the  turmeric  powder 
is  sometimes  mixed  with  starch  and  mineral  matters.  The  latter 
can  be  detected  by  the  increase  in  the  amount  of  ash  left  on 
burning;  this  ash  should  not  be  more  than  5  per  cent.,  and  an 
analysis  of  it  will  soon  show  whether  any  mineral  matter  has 
been  added.  Starch  is  best  detected  by  the  microscope  and  by 
the  fact  that  its  addition  materially  reduces  the  proportion  of  ash 
and  increases  the  proportion  of  soluble  matter. 

Turmeric  is  used  to  give  a  yellow  colour  to  varnishes  and 
stains,  which  stain  is  tolerably  permanent. 

Gamboge. — Gamboge  is  a  gum-resin,  the  product  of  Garcinia 
morella,  a  tree  growing  in  Siam,  from  whence  gamboge  is  ex- 
ported in  large  quantities.  It  usually  occurs  in  cylindrical  rolls 
of  about  an  inch  or  an  inch  and  a  quarter  in  diameter,  and 
of  varying  length;  these  rolls,  which  are  of  an  orange  colour 
externally,  are  made  by  melting  the  gum-resin,  and  pouring 
the  melted  material  into  moulds  made  of  bamboo  cane.  It  is 
rather  brittle,  and  the  pieces  of  gamboge  are  often  covered  with 
a  yellow  powder.  When  broken  it  exhibits  a  conchoidal  fracture 
with  a  vitreous  lustre.  When  viewed  through  the  edges  it  is 
more  or  less  transparent.  Its  solution  in  water  is  rather  cloudj'', 
and  of  a  yellow  colour ;  its  taste  is  but  slight  at  first,  but  an 
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acrid  after-taste  is  perceived.  It  possesses  strong  purgative  pro- 
perties, and,  hence,  is  frequently  used  in  medicine. 

An  analysis  made  by  the  author  shows  it  to  contain — 

Moisture,   2*50  per  cent. 

Mineral  matter,    .....  1*05 

Resin,  soluble  in  ether,        .       .       .  66  05 

Wax,  soluble  in  alcohol,      .       .       .  4*31 

Gum,   26-03  „ 

99-94 

Gambogin,  or  gambogic  acid,  the  resin  of  gamboge  has,  ac- 
cording to  Buchner,  the  formula  CgQ  H35  Og.  It  is  obtained  in  a 
rather  impure  condition  by  treating  gamboge  with  ether ;  on 
evaporating  off  the  ether  the  gambogin  is  left  behind  as  a  trans- 
parent, vitreous,  and  brittle  mass,  breaking  with  a  conchoidal 
fracture.  In  colour  it  is  a  reddish-orange,  forming  a  yellow 
powder.  When  heated  it  softens,  and  melts  at  about  75°  to  80° 
C. ;  on  cooling,  the  mass  again  becomes  solid.  It  has  no  odour 
nor  taste,  and  is  destitute  of  purgative  properties.  Gamboge 
resin  is  readily  soluble  in  ether,  alcohol,  and  chloroform  ;  petro- 
leum spirit  has  but  a  slight  solvent  action  on  it.  It  readily 
dissolves  in  alkaline  solutions.  The  carbonates  of  the  alkalies 
are  decomposed  by  it  on  boiling,  with  evolution  of  carbonic  acid, 
showing  that  it  has  acid  properties.  The  solutions  have  an 
orange-red  colour ;  when  acidulated  they  deposit  the  resin  in 
flakes. 

The  wax,  which  is  insoluble  in  ether,  but  soluble  in  alcohol, 
is  a  soft  brownish  substance,  melting  readily  at  a  low  tempera- 
ture ;  it  has  a  bitter  taste,  which  is  very  persistent,  and  a  slight 
purgative  action.  Caustic  soda  dissolves  it  with  a  brownish- 
yellow  colour  ;  the  addition  of  acids  reprecipitates  it. 

The  gum  is  a  transparent  brownish  mass,  having  a  sweet 
taste,  and  but  slightly  adhesive  properties.  It  dissolves  in 
water,  forming  a  somewhat  opalescent  solution,  which,  on  adding 
an  acid,  becomes  clear.  It  is  not  precipitated  by  basic  lead  acetate, 
mercuric  chloride,  ferric  chloride,  borax,  or  alcohol.  It  seems  to 
be  a  glucoside,  yielding  a  sugar  on  hydrolysis. 

Gamboge  is  soluble  in  alcohol,  partially  in  ether,  readily  in 
ammonia.  It  is  used  as  a  pigment  in  water-colour  painting,  and 
also  for  colouring  varnishes. 

Dragon's  Blood. — This  is  a  product  of  Calamus  draco,  the 
tree  which  yields  the  rattan  canes  of  commerce,  and  a  native  of 
Eastern  Asia,  from  which  country  this  resin  is  sent  in  large 
quantities  to  Europe.    The  fruit  of  this  tree,  on  approaching 
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maturity,  becomes  covered  with  a  red  resinous  mass  of  a  friable 
character ;  this  resin  is  collected  by  shaking  the  fruits  into 
baskets,  and  then  sifting  the  resin  from  the  stems  and  particles 
of  woody  fibre.  The  resin  is  then  melted  either  by  the  heat  of 
the  sun,  or  by  that  of  boiling  water,  and  cast  into  rolls  by 
wrapping  it  in  a  palm  leaf;  in  this  form  it  is  sent  into  commerce, 
being  exported  into  this  country  from  Singapore,  Batavia,  and 
other  Asiatic  ports.  Dragon's  blood  occurs  in  the  form  of 
roughly  cylindrical  sticks  about  13  to  14  inches  long,  and  about 
I  to  1  inch  thick ;  but  smaller  pieces  are  by  no  means  un- 
common. Externally,  the  resin  has  a  blackish-brown  colour ; 
but  viewed  in  thin  slices  it  is  transparent,  and  of  a  deep  crimson 
colour.  Its  specific  gravity  is  about  1*2,  varying  a  little,  the 
best  qualities  always  having  the  highest  specific  gravity.  Its 
taste  is  sweet  when  pure,  but  adulterated  samples  often  have  aa 
acrid  taste. 

It  is  soluble  in  alcohol,  benzol,  chloroform,  carbon  bisulphide, 
petroleum  spirit,  shale  spirit,  glacial  acetic  acid,  caustic  soda,  and 
some  other  solvents ;  it  is  only  slightly  soluble  in  ether,  and  is 
all  but  insoluble  in  turpentine.  It  melts  at  about  120°  C. 
(248°  F.),  and  when  heated  evolves  benzoic  acid.  It  is  used  for 
colouring  spirit  varnishes  a  deep  red,  and  for  this  purpose  is  one 
of  the  best  colouring  matters  which  can  be  used. 

Besides  the  above,  a  few  other  varieties  of  dragon's  blood  are 
met  with  in  commerce  to  a  small  extent.  Socotran  dragon^ s  blood, 
the  resin  of  the  Dracmna  Omhet  or  of  D,  schizantha,  from  which 
trees  the  natives  obtain  the  resin  by  making  incisions  in  the 
bark  and  collecting  the  resin  which  exudes.  This  variety  comes 
into  the  London  market  from  Bombay  and  Zanzibar  in  the  form 
of  drops  or  tears.  An  exactly  similar  product  is  obtained  in  the 
Somali  country. 

Canary  Islands  dragovUs  blood  is  the  variety  obtained  from 
the  celebrated  dragon  tree  of  Teneriffe  and  adjacent  islands, 
Dracaena  draco,  Yery  little  of  this  now  finds  its  way  into 
European  commerce,  but  it  is  used  locally  for  various  purposes. 
Mexican  dragon^s  blood  is  obtained  from  Croton  draco,  but  is 
rarely  met  with  in  English  commerce. 

Gum  Accroides,  also  known  as  black-boy  gum,  Xanthorrha3a 
resin,  &c.  The  resins  yielded  by  the  several  species  of  Xantliorrlicea, 
natives  of  Australia,  have  of  late  years  been  imported  to  a  large 
amount  for  varnish  making.  Some  six  or  seven  species  of  Xan- 
thorrlicEa  are  known  to  yield  resin  in  large  amount ;  in  the  season 
the  resin  exudes  in  no  inconsiderable  amount,  but  by  crushing 
the  stems  and  sifting  further  quantities  are  obtained.    The  prin- 
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cipal  species  are  Xanthorrhcea  australis,  which  grows  in  parts  of 
Victoria,  X.  hastiUs  and  X,  arhorea.  The  resin  is  distinguished 
as  red  or  yellow ;  these  are  produced  by  different  trees. 

Yellow  gum  accroides  is  obtained  from  Xanthorrhcea  hastilis. 
It  contains  cinnamic  and  benzoic  acids,  and  its  acidity  requires 
13*2  per  cent,  of  caustic  potash  to  neutralise  it,  while  on  being 
boiled  with  caustic  potash  it  absorbs  22  per  cent,  of  K  0  H. 
It  absorbs  86  per  cent,  of  iodine.  Boiled  with  water  the  resin 
gives  up  paracumaric  acid,  benzoic  acid,  and  cinnamic  acid. 

Hed  gum  accroides  comes  from  Xanthorrhcea  australis,  it 
absorbs  105*5  per  cent,  of  iodine;  it  is  not  so  acid  in  nature  as 
the  yellow  variety,  and  boiling  water  does  not  extract  so  much 
paracumaric  acid  from  it. 

All  the  varieties  of  gum  accroides  are  soluble  in  alcohol  with 
a  strong  yellow  or  red  colour.  The  odour  is  pleasant,  and 
resembles  that  of  benzoin.  Treated  with  nitric  acid  it  yields 
a  large  proportion  of  picric  acid.  Its  specific  gravity  is 
1-197. 

Aloes. — This  drug  was  at  one  time  largely  used  in  colouring 
varnishes,  and  is  now  employed  in  the  preparation  of  bronze 
and  other  dark-coloured  lacquers.  Aloes  is  the  inspissated  and 
dried  juice  of  several  species  of  Aloe  plants,  these  are  natives  of 
the  tropical  regions  of  South  and  East  Africa,  they  have  been 
cultivated  in  i^orth  Africa,  Spain,  and  the  East  and  West 
Indies.  The  following  varieties  are  met  with  in  commerce  : — ■ 
(1)  Socotrine,  (2)  Hepatic,  these  varieties  are  principally  ob- 
tained from  the  Aloe  perry and  are  exported  from  Red  Sea 
ports;  (3)  Barbadoes,  (4)  Curacoa,  these  two  latter  varieties 
are  derived  from  Aloe  vulgaris,  and  is  obtained  from  many 
countries,  Spain,  Canary  Islands,  Greece,  West  Indies,  &c. ; 
(5)  Oape,  from  Aloe  ferox  and  other  species;  (6)  Natal.  As 
there  is  such  a  variety  of  sources,  aloes  vary  much  in  appear- 
ance, in  colour,  consistence,  and  texture,  so  that  it  is  not  possible 
to  identify  the  source  of  a  sample  of  aloes  by  its  appearance,  the 
odour  is,  however,  rather  more  characteristic.  The  Socotrine 
aloes  has  the  least  odour,  the  odour  of  Barbadoes  aloes  is 
stronger  and  more  disagreeable,  that  of  the  Curacoa  variety 
rather  more  pleasant.  Cape  also  has  a  peculiar  .and  somewhat 
sourish  odour.  When  fresh,  aloes,  especially  the  first  named, 
are  soft,  in  some  cases  liquid,  but  they  harden  on  exposure  to 
the  air.  Their  taste  is  very  bitter  and  they  have  a  strong 
purgative  action.  They  are  more  or  less  soluble  in  alcohol, 
giving  deep  bronzy-brown  solutions. 

Gamboge  is  largely  used  in  preparing  pale  gold  lacquers  for 


COAL-TAR  COLOURS. 


477 


brass  work  (see  p.  504),  both  alone  and  in  conjunction  with 
turmeric. 

Dragon's  blood  finds  its  chief  use  in  colouring  spirit  varnishes 
for  woodwork  of  all  kinds. 

Accroides  is  most  used  in  preparing  dark  gold  lacquers  and 
yellow  varnishes,  both  alone  and  in  conjunction  with  gamboge. 

The  use  of  these  natural  colouring  matters  is,  however, 
becoming  obsolete,  their  place  being  taken  by  the  coal-tar 
colours. 

2.  COAL-TAR  COLOURS. — This  is  a  very  large  and  varied 
group  of  colouring  matters,  many  of  which  have  come  largely  into 
use  during  late  years  for  colouring  varnishes  and  making  the  so- 
called  enamel  paints.  It  is  not  necessary  to  deal  with  the  chemical 
nature  of  these  colouring  matters  here,  the  reader  is,  therefore, 
referred  to  the  author's  Dictionary  of  Goal-tar  Colours,  or  to 
Benedikt  k  Knecht's  Chemistry  of  Goal-tar  Colours,  for  details 
on  this  subject. 

The  coal-tar  colours  can  be  divided  into  four  groups  :— 

1.  The  Benzidine  colours,  whose  characteristic  feature  is  that 
they  will  dye  unmordanted  cotton  from  a  boiling  bath  of  salt  or 
other  alkaline  compound.  As  a  rule,  this  class  of  colours,  which 
includes  Congo  red,  benzopurpurine,  chrysamine,  benzoazurine, 
Titan  pink.  Titan  yellow,  diamine-yellows,  &c.,  are  of  no  use  as 
colouring  agents  in  varnish  making,  as  their  solubility  in  alcohol, 
oil,  and  other  varnish  solvents  is  but  slight;  not  only  so,  but  many 
of  them,  the  reds  especially,  are  rather  fugitive  to  light,  and  are 
readily  acted  upon  by  any  substance  having  weak  acid  properties. 

2.  Basic  Colouring  Matters. — This  is  a  numerous  group  of 
colouring  matters,  many  of  which  are  of  great  use  in  varnish 
making.  The  group  includes  magenta,  safranine,  Bismarck-brown, 
chrysoidine,  phosphine,  rhodamine,  chinoline-yellow,  auramine, 
induline,  nigrosine,  soluble  blue,  methyl-violet,  Hofmann  violet, 
benzyl  violet,  brilliant  green,  methyl-green,  <fec.  All  these  colours 
are  soluble  in  water  and  in  alcohol.  They  can,  therefore,  be  used 
for  colouring  water-  or  spirit- varnishes.  Magenta  gives  crimsons, 
but  should  be  used  in  comparatively  dilute  solutions,  say  of  a 
strength  of  about  1  per  cent.,  as  when  stronger  the  solutions  are 
apt  on  drying  to  leave  a  bronzy  colour  behind,  and  not  a  red. 
Safranine  can  be  used  for  scarlets,  especially  if  mixed  with  a  little 
auramine.  Phosphine  can  be  used  for  oranges,  but  it  is  rather 
expensive.  Rhodamine  can  be  used  for  pink  varnishes.  Aura- 
mine dyes  yellows.  Induline,  nigrosine,  and  another  product 
generally  known  as  brilliant  black,  belong  to  a  peculiar  group  of 
dyestufis  which  exist  in  two  forms;  one,  soluble  in  water  and 
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almost  insoluble  in  spirit;  the  other,  insoluble  in  water,  but 

soluble  in  spirit;  this  latter  variety  is  distinguished  as  induline 
spirit  soluble,  or  nigrosine  spirit  soluble,  as  the  case  may  be. 
Brilliant  black  is  only  made  in  the  spirit  soluble  form.  These 
dyes  are  very  useful  to  the  varnish  maker.  Induline  gives  dark 
blues ;  there  are  several  brands  of  induline  giving  various  shades 
of  blues.  Nigrosine  can  be  used  for  greys,  and  when  used  in 
large  proportion  gives  very  good  blacks.  Brilliant  black  gives 
blacks;  these,  like  induline,  are  made  in  various  brands,  giving 
different  shades  of  greys  and  blacks,  some  bluish,  others  greyish 
in  tone;  a  varnish  maker  should  obtain  samples  from  various 
makers,  and  use  that  which  gives  him  the  best  results  as  to 
strength  of  colour  and  tone.  The  other  colouring  matters  named 
above  are  sufficiently  indicated  by  their  name;  the  violets  are 
made  in  several  shades,  from  a  red  to  a  blue-violet;  like  magenta, 
they  should  not  be  used  in  too  strong  a  solution  or  they  dry  up 
with  a  bronzy  cast;  the  greens  are  of  a  blue  shade,  but  by  mixing 
them  with  a  yellow,  a  pure  green  or  a  variety  of  different  shades, 
from  a  blue-  to  a  yellow-green,  can  be  readily  obtained. 

These  colouring  matters  do  not  readily  dissolve  in  oil  or  oil 
varnishes,  to  which  they  give,  as  a  rule,  but  a  faint  coloration, 
but  the  bases  of  these  basic  dyestuffs  are  soluble  in  oil  without 
much  difficulty;  these  bases  are  made  on  a  limited  scale  by 
Messrs.  Kead  Holliday  &  Sons,  and  other  makers,  and  sold  under 
the  name  of  oil-yellow,  oil-scarlet,  oil-green,  &c.,  expressly  for 
the  purpose  of  colouring  oils  and  fatty  matters  in  general. 

3.  Acid  Colouring  Matters, — This  group  of  dyestuffs  is  charac- 
terised by  its  dyeing  wool  and  silk  direct  in  an  acid  bath;  hence 
the  name  "acid"  colours.  It  is  divisible  into  several  sub-groups 
depending  upon  the  chemical  composition  and  relations  of  the 
dyes,  viz.  : — 

a.  The  Uosins,  a  class  of  colouring  matter  derived  from  fluo- 
rescein and  characterised  by  giving  scarlets  of  various  hues  of  a 
very  bright  character ;  they  are,  however,  rather  fugitive.  They 
are  readily  soluble  in  water  and  alcohol,  and  their  solutions  have 
a  fluorescence  of  a  more  or  less  pronounced  character.  Eosin  G- 
has  a  yellowish-green,  and  erythrosine  a  trifling  fluorescence; 
safrosin,  faint  yellowish-green;  phloxine,  light  green;  rose  Bengal 
has  no  fluorescence  in  an  aqueous  solution,  but  an  alcoholic  solu- 
tion has  a  golden  yellow  fluorescence;  erythrin,  green-yellow; 
eosin  J,  strong  green-yellow;  cyanosin,  orange-yellow;  chrysolin, 
yellowish-green;  the  fluorescence  is  in  each  case  strongest  in  the 
alcoholic  solution.  Although  the  eosins  can  be  used  for  colouring 
spirit  varnishes,  yet  they  are  not  satisfactory  in  use,  as  they  have 
a  tendency  to  dry  with  a  yellowish  bloom  or  fluorescence,  which 
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obscures  their  real  colour.  The  eosins  are  sold  under  a  variety 
of  other  names. 

h,  Nitro-colouring  matters,  such  as  naphthol-yellow,  aurantia, 
picric  acid,  citronine,  &c.,  which  are  more  or  less  of  a  yellow  or 
orange  colour,  and  are  generally  soluble  in  water  and  spirit ;  they 
are  fairly  permanent  and  can  be  used  with  advantage  in  the 
colouring  of  varnishes. 

c.  Acid  colouring  matters,  such  as  acid  magenta,  acid  green, 
acid  yellow,  acid  violet,  &c.,  which  are  mostly  derivatives  of  the 
basic  colours  made  by  the  process  of  sulphonation ;  they  are 
readily  soluble  in  water,  but  not  all  are  soluble  in  spirit.  They 
can  be  used  for  colouring  varnishes. 

d,  AzO' colours, — This  is  a  very  numerous  group  of  coal-tar 
dyestuffs  mostly  of  a  red,  orange,  or  yellow  colour,  very  few  azo- 
blues,  greens,  or  violets  being  known.  The  scarlets,  croceine 
scarlets,  ponceaus,  azo-yellow,  azo -violets,  oranges,  naphthol  blacks 
and  green,  and  most  of  the  new  blacks  belong  to  this  group  of 
dyestuffs.  The  azo-dyes  are,  however,  too  numerous  to  give  a 
detailed  list  of  their  names.  These  colouring  matters  are  nearly 
all  soluble  in  water ;  some  are  soluble  in  spirit,  as  shown  in  the 
list  given  below,  and  may  be  used  for  colouring  varnishes,  since, 
as  a  rule,  they  give  very  bright  colours  possessing  a  fair  degree 
of  fastness  on  exposure  to  light  and  air. 

4.  Adjective  Dyestuffs. — This  class  of  colouring  matters  is  char- 
acterised by  the  members  requiring  the  aid  of  a  second  substance, 
the  mordant,  to  fix  them  on  the  fibre  and  to  develop  the  colour 
from  the  dyestuff.  It  includes  alizarine  and  all  the  so-called 
alizarine  dyes,  gambine,  coerulein,  gallein,  gallocyanine,  gallo- 
flavine,  &c.  As  colouring  matters  for  varnishes  they  are  quite 
useless,  as  they  do  not  possess,  as  a  rule,  the  essential  feature  of 
being  soluble  in  water  or  spirit. 

The  following  tables  of  the  solubility  of  the  coal-tar  colours  in 
various  media  will  be  found  very  useful  by  the  varnish  maker  as 
showing  him  what  can  and  what  cannot  be  used  for  colouring 
varnishes  : — 

1.  Colouring  matters  soluble  in  water  and  alcohol. 

Magenta.  Acid  magenta.  Vesuvine.  Iodine  green. 

Cardinal.  Cerise.  E-ubin.  Crimson. 

Erythrosin.  Rose  Bengal.  Methyl  eosin.  Eosin. 

Safranine.  Coccine.  Phloxine,  Coralliu. 

Methylene  blue.  Peacock  blue.  Navy  blue.  Benzyl  blue. 

Picric  acid.  Naphthol  yellow.  Phosphine.  Aurantia. 

Curcumine.  Brilliant  yellow.  Auramine.  Chrysophenine. 

Metanil  yellow.  Methyl  orange.  Chrysoidine.  Mandarin. 

Hofmann  violet.  Regina  purple.  Methyl  violet.  Acid  violet. 

Malachite  green.  Brilliant  greeu.  Acid  mauvQ.  Methyl  greeu. 
pismarck  brown. 
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2.  Colouring  matters  soluble  in  water  only. 


Congo. 

Congo  corinth. 
Brilliant  Congo. 
Benzopurpurine. 
Delta  purpurine. 
Roseazurine. 
Hessian  purple. 
Fast  red. 
Archil  red. 
Ponceau. 
Scarlet. 
Azo-rubine. 


Heliotrope. 
Brilliant  blue. 
Wool  blue. 
Black  blue. 
Benzoazurine. 
Azo-blue. 
Guernsey  blue. 
Hessian  blue. 
Water  blue. 
Bavarian  blue. 
Capri  blue. 
Alkali  blue. 


China  blue. 
Regina  violet. 
Azo-violet. 
Fast  brown. 
Acid  brovt^n. 
Resorcin  brown. 
Guinea  green. 
Aniline  grey. 
Nigrosine. 
Silver  grey. 
Wool  black. 
Nacarat. 


Brilliant  scarlet. 
Acid  yellow. 
Resorcin  yellow. 
Quinoline  yellow. 
Azo-acid  yellow. 
Naphthol  yellow. 
Chrysamine. 
Hessian  yellow. 
Curcumein. 
Orange. 

Methyl  orange. 
Rubin  S. 


3.  Colouring  matters  soluble  in  alcohol  only, 
Rosaniline  base.      Aurine.  Soudan.  Spirit  blue. 


Nigrosine  spirit 

soluble. 
Humboldt  blue. 


Malachite  greeg, 

base. 
New  violet. 


Soudan. 
Brilliant  black. 

Auramine  base. 


Ind  aline  spirit 
soluble. 


Rosaniline  base. 
Magenta  base. 
Oil  yellow. 
Butter  yellow. 


4.  Colours  soluble  in  oil. 


Violet  base. 
Auramine  base. 
Oil  violet. 
Oil  brown. 


Soudan  I. 
Picric  acid. 
Oil  orange. 
Oil  scarlet. 


Soudan  II. 
Oil  green. 
Oil  crimson. 


Practically  none  of  the  coal-tar  colours  are  soluble  in  petroleum 
spirit,  turpentine,  or  benzol.  While,  therefore,  the  coal-tar  colours 
are  available  for  colouring  water-  and  spirit- varnishes,  but  few  of 
them  are  useful  for  colouring  oil-varnishes,  and  none  for  colour- 
ing varnishes  made  from  turpentine,  petroleum  spirit,  or  benzol. 


VARNISH  MAKING. 

For  practical  purposes  the  following  simple  classification  into 
four  groups  is  quite  sufficient : — 

1st.  Natural  varnishes. 
2nd.  Oil  varnishes. 
3rd.  Spirit  varnishes. 
4th.  Water  varnishes. 

The  first  group  comprises  the  natural  lacquers  of  India,  China 
and  Japan,  which  issue  from  the  tree  in  a  liquid  form,  and  only 
require  applying  to  the  prepared  object  to  varnish  them.  The 
second  group  consists  of  the  artificial  varnishes  made  from  resins 
of  various  kinds  dissolved  in  oil;  these  form  very  useful  varnishea 
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and  are  applied  to  all  kinds  of  objects.  The  third  group  includes 
the  varnishes  made  by  dissolving  resins  of  volatile  spirits  of 
various  kinds;  on  application  to  the  object  the  spirit  evaporates 
and  leaves  the  resin  behind  as  a  lustrous  coat.  The  fourth  group 
embraces  a  few  varnishes  made  by  dissolving  resins  and  gums  in 
water;  they  are  not  numerous  and  are  only  used  for  special 
purposes. 

1st.  NATURAL  VARNISHES. 

In  India,  China,  and  Japan  are  found  a  number  of  trees  of 
various  species  whose  sap  or  juice  has  the  property  of  drying 
hard  with  some  considerable  lustre;  the  sap  is  collected  and  used 
for  a  varnish  in  the  countries  named ;  none  of  it  is  exported  to 
this  country.  The  natural  varnish  of  Japan  is  the  variety  best 
known  in  this  country;  it  is  used  for  producing  the  famous 
lacquer  ware  of  the  Eastern  Empire. 

1.  Japan  Lacquer.  — The  best  account  of  this  material  has 
been  published  in  the  form  of  a  Consulate  Report  by  Mr. 
John  J.  Quinn,  the  acting  Consul  at  Hakodate,  1882,  on  the 
"  Lacquer  Industry  of  Japan,"  from  which  the  following  brief 
description  has  been  taken: — 

The  Japanese  lacquer  is  the  product  of  the  Rhus  vernicifera,  a 
tree  found  growing  all  over  the  main  island  and,  in  smaller 
quantity,  in  the  other  islands  of  the  Japanese  group.  The 
lacquer  trees  are  cultivated,  and  some  companies  have  been 
formed  to  plant  waste  lands  with  the  trees;  they  may  be  grown 
from  seed  sown  about  February,  the  young  trees  being  trans- 
planted when  about  a  year  old. 

It  takes  ten  years  to  raise  a  tree  from  seed  to  the  lacquer 
yielding  state,  and  even  then  it  only  gives  about  3  ozs.;  by  grafting, 
the  trees  can  be  made  to  grow  quicker,  and  then  a  ten-year  old 
tree  will  yield  about  i\  ozs.  of  lacquer.  There  are  some  differ- 
ences in  the  quality  of  the  lacquer  yielded  by  trees  grown  in 
different  localities ;  that  coming  from  Tsugaru,  Nambu,  Akita, 
and  Aidzu  is  the  best  and  most  transparent,  and  is  the  variety 
most  in  use  in  Kioto  and  Osaka,  which  are  the  great  centres  of 
the  lacquer- ware  industry. 

In  June  of  each  year  tappers  go  round  the  plantations,  and, 
after  certain  preliminary  operations,  such  as  clearing  the  ground 
and  marking  the  trees,  make  a  number  of  cuts  on  the  trees ; 
from  each  of  these  cuts  sap  exudes  and  is  collected.  The  quality 
of  the  sap  obtained  from  the  cuts  varies  somewhat ;  that  from  the 
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first  five  cuts  is  poor,  containing  a  good  deal  of  water;  that  from 
the  middle  fifteen  cuts  is  the  best;  that  from  the  last  five  cuts  is 
thin.  As  a  rule  the  tapping  of  the  tree  kills  it,  although,  by  not 
giving  quite  so  many  cuts,  a  second  year's  flow  of  sap  can  be 
obtained,  but  such  sap  is  not  so  good  as  the  first  year's  sap,  so 
that  a  tree  is  rarely  tapped  twice.  The  custom  is  for  the  lacquer 
merchants  to  buy  the  right  of  tapping  the  trees  from  the  farmers ; 
the  latter  still  keeping  possession  of  the  tree,  and  when  it  has 
been  tapped  generally  cut  it  down  for  firewood  or  for  making 
cabinet  ware,  &c. 

The  lacquer  obtained  from  the  trees  is  known  as  Ki-urushi  or 
tree  lacquer,  and  Seshime  or  branch  lacquer,  these  terms  indicat- 
ing from  which  part  of  the  tree  the  lacquer  comes.  The  lacquer 
merchants  buy  this  lacquer  from  the  tappers,  and  then  treat  it  in 
various  ways  for  sale  to  the  lacquer-ware  makers.  The  crude 
lacquer  contains  some  water,  and  in  preparing  it  for  use  this 
water  has  to  be  eliminated,  which  is  done  by  allowing  the  lacquer 
to  stand  in  vessels  exposed  to  the  rays  of  the  sun  for  some  time; 
the  operation  is  facilitated  by  adding  a  small  quantity  of  water 
to  the  crude  lacquer. 

Crude  lacquer  is  a  liquid  of  about  the  colour  and  the  consistence 
of  cream ;  if  exposed  to  the  sun  for  some  days  it  loses  its  colour  and 
becomes  quite  black  or  nearly  so,  but  at  the  same  time  becomes 
more  or  less  transparent,  and  will  not  dry  when  used  for  lac- 
quering articles;  if,  however,  some  water  be  mixed  with  it  two 
or  three  times  a  day  for  two  or  three  days,  and  this  extra  water 
be  evaporated  away  in  the  usual  manner,  then  the  lacquer 
acquires  the  property  of  drying  and  may  be  used  for  lacquering. 
Branch  lacquer  does  not  dry  so  quickly  as  tree  lacquer,  and  is, 
therefore,  rarely  used  alone;  thence  mixtures  of  the  lacquer  are 
made  with  other  ingredients  and  sold  under  a  variety  of  names 
for  special  kinds  of  lacquer  ware. 

Old  lacquer  is  more  difiicult  to  treat  than  new  lacquer.  One 
of  the  most  peculiar  properties  of  Japan  lacquer  is  that  it  will 
not  dry  in  a  dry  atmosphere,  but  it  requires  a  damp  one  to  become 
hard. 

As  might  be  expected  the  lacquer  varies  in  composition;  this 
may  arise  partly  from  natural  causes  and  partly  from  the  fact 
that  the  lacquer  merchants  rarely  sell  the  lacquer  in  the  same 
condition  as  they  obtain  it,  but  generally  mix  it  with  other 
bodies.  Two  analyses  of  Japanese  lacquers  have  been  published. 
Mr.  S.  Isima  Ishimatsu  gives  the  following  as  the  composition  of 
a  sample  of  Yoshino  lacquer,  which  is  one  of  the  best  varieties : — 

The  specific  gravity  at  20°  0.  was  1  -002  and  it  contained — ■ 
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Urushic  acid,   85*15  per  cent. 

Gum  arabic,  3*15  ,, 

Nitrogenous  matter,  .  .  .  .  2*28  ,, 
Water  and  volatile  matter,        .       .         9*42  ,, 

Another  sample  analysed  by  Mr.  J.  Takayma  had  the  com- 
position— 

Urushic  acid,   64*07  per  cent. 

Gum  arabic,  6 '05 

Nitrogenous  matter,   .       .       .       .        3*43  „ 

Oil,  0-23  ,, 

Water  and  volatile  matter,        .       ,  26*22  ,, 


The  higher  the  proportion  of  urushic  acid  contained  in  the 
lacquer,  the  better  is  the  quality  of  the  article.  Urushic  acid 
contains  77*05  per  cent,  of  carbon,  9*01  hydrogen,  and  13*94 
oxygen,  corresponding  to  the  formula  O3. 

Chinese  lacquer  is  identical  with  Japanese  lacquer.  China, 
indeed,  is  the  home  of  the  lacquer  industry,  from  whence  it  spread 
to  Japan,  where  it  has  become  of  more  importance  than  in  its 
original  home. 

Indian  and  Ceylon  Lacquer. — From  several  trees,  natives  of 
India  and  Ceylon,  is  obtained  the  natural  varnish  used  by  Indian 
and  Cingalese  artificers  in  the  manufacture  of  lacquer  ware.  In 
Ceylon  the  lacquer  comes  from  a  species  of  Semecarpus^  which 
grows  tolerably  luxuriantly  all  over  the  island.  In  India  several 
trees  yield  the  lacquer,  viz.,  Semecarpus  anacardium,  which  grows 
in  the  Concan,  Coromandel,  Courtallum,  Gujerat,  Bengal,  and 
Travancore  districts ;  and  Semecarpus  travancorica,  which  grows 
in  the  damp  forests  of  the  Travancore  and  Tinnevelly  mountains. 
In  the  Western  Ghauts  of  Madras  and  Bombay  and  in  Bengal 
lacquer  is  obtained  from  Holigarna  longifolia,  which  exudes  the 
juice  from  fissures  in  the  bark  ;  while  in  Semecarpus  it  comes 
from  the  pericarp.  After  exuding  from  the  tree  it  is  collected 
and  sold  to  the  lacquer- ware  makers ;  it  readily  hardens  on 
exposure  and  assumes  a  black  colour  in  so  doing  ;  as  a  varnish  it 
is  very  good,  being  lustrous,  transparent,  hard,  and  strongly 
adhesive. 

Burmese  Lacquer. — This  lacquer,  which  is  used  in  large 
quantities  in  the  preparation  of  Burmese  lacquer  ware  of  all  kinds, 
is  obtained  from  every  part  of  the  kheu  tree,  M elanorrhoea 
usitatissima,  which  grows  very  abundantly  in  every  part  of  the 
country,  but  more  particularly  in  the  Kubbu  valley  where  it 
attains  its  greatest  size  ;  on  the  sea  coast  it  is  usually  of  somewhat 
dwarfish  growth,     The  varnish  is  collected  during  January  to 
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April.  The  collector  makes  wounds  in  the  bark  of  the  tree  and 
thrusts  into  them  short  lengths  of  bamboo,  in  which  the  juice 
collects ;  as  the  bamboos  get  filled  they  are  emptied  and  replaced ; 
there  will  often  be  as  many  as  100  bamboo  canes  in  a  single  tree, 
the  usual  yield  of  which  is  about  3|  lbs.  of  lacquer.  Burmese 
lacquer  is  a  thick,  very  viscid  liquid  having  a  turpentinous  odour  ; 
in  colour  it  is  grey,  but  on  exposure  it  soon  becomes  black.  It 
dissolves  freely  in  alcohol,  benzene,  and  turpentine.  It  dries  hard 
and  lustrous,  but  rather  slowly.  Its  drying  is  facilitated  by 
mixing  a  little  gold  size  or  other  varnish  with  it.  Gingelly  oil  is 
often  added  to  the  lacquer. 


2nd.  MANUFACTURE  OP  OIL  VARNISHES. 

Oil  varnishes  are  divided  commercially  into  two  groups,  coach 
varnishes  and  cabinet  varnishes,  although  there  is  very  little 
difference  between  them  in  either  the  method  of  making,  or  the 
materials  from  which  they  are  made.  The  former  are  the  best 
and  most  durable  varnishes  made,  the  best  materials  and  work- 
manship being  employed,  while  less  care  is  taken  with  cabinet 
varnishes.  The  process  of  manufacture  is,  however,  the  same 
for  all  the  oil  varnishes.  The  materials  used  are  resins  of  various 
kinds,  linseed  oil  (rarely  any  other  kind  of  oil),  turpentine,  shale-, 
petroleum-,  or  rosin-spirit,  and,  for  some  special  sorts  of  varnish, 
other  ingredients.  The  process  usually  adopted  for  their  manu- 
facture will  be  first  pointed  out ;  then  any  special  process  which 
is  or  has  been  used ;  then  important  points  of  detail  in  the  process 
will  be  noticed,  and  recipes  given  for  various  kinds  of  oil 
varnishes,  followed  by  a  section  dealing  with  their  general  pro- 
perties, application,  &c. 

MANUFACTURE  OF  OIL  VARNISHES.— The  method 
and  plant  used  in  the  manufacture  of  this  class  of  varnishes  are^ 
comparatively  simple,  but  the  process  itself,  while  being  so 
simple,  is  one  that  requires  very  great  care  and  experience  to 
carry  out  to  a  successful  end. 

The  process  in  outline  consists  of  the  following  stages  : — 1st, 
Melting  (or  "  running,"  as  it  is  known  in  the  trade)  the  resin  or 
gum ;  2nd,  boiling  the  oil ;  3rd,  mixing  the  melted  gum  and 
boiling  oil ;  4th,  boiling  the  varnish ;  5th,  thinning  the  boiled 
varnish ;  6th,  clearing. 

1st,  "  Gum  Running." — This  is  perhaps  the  most  delicate 
operation  in  the  whole  process  of  varnish  making,  as  unless  it  is 
well  done  good  varnish  cannot  be  made,  no  matter  how  well  the 
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rest  of  the  process  be  carried  out.  "Running"  is  done  in  a 
large  cylindrical  copper  vessel,  the  "gum  pot";  there  are  two 
forms  of  this  gum  pot  in  use,  one,  known  as  the  London  pot,  is 
shaped  like  a  silk  hat  (Fig.  74),  and  is  made  in  two  pieces — viz., 
the  bottom  formed  of  a  solid  piece  of  cast  copper  with  a  flange 


Fig.  74.  -Gum  melting  pot.  Fig.  75.  —Gum  melting  pot. 


cast  on  it;  and  the  body,  which  is  a  cylinder  of  sheet  copper, 
rivetted  to  the  bottom  piece.  There  is  a  very  considerable  wear 
of  the  bottom  part,  as  it  comes  in  contact  with  the  fire,  and 
hence  has  to  be  replaced  from  time  to  time ;  usually  a  bottom 
will  last  about  three  months.  The  gum  pot  usually  measures 
about  26  inches  in  depth  by  10  inches  in  diameter,  the  body 
being  about  9  inches  deep.  This  is  large  enough  to  run  about 
8  lbs.  of  gum  at  one  time,  but  the  pots  are  often  made  large 
enough  to  hold  50  lbs.  of  gum.  In  the  north  of  England  the 
gum  pot  is  made  of  a  diflferent  shape,  as  shown  in  Fig.  72,  from 
which  it  will  be  seen  that  it  differs  principally  in  the  shape  of 
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the  bottom,  which  is  made  conical.  The  main  advantage  of  this 
form  lies  in  the  fact  that  the  gum  runner  can  more  readily 
ascertain  when  the  whole  of  the  gum  has  been  melted  by  probing 
with  his  stirrer ;  in  the  London  shape  particles  of  unmelted  gum 
may  lodge  in  the  bottom  corners,  into  which  it  is  difficult  to 
work  the  stirrer,  whereas  in  the  Northern  shape  any  unmelted 


JFig.  76. 


gum  must  settle  down  to  the  point  of  the  conical  bottom,  and  its 
presence  there  is  easily  ascertained.  The  "  gum  pot "  rests  by 
its  flange  in  a  suitable  hole  in  the  top  of  a  furnace.  In  modern 
varnish  works  the  top  of  the  furnace  forms  the  floor  of  the  gum 
running  shed,  the  furnaces  themselves  being  fed  with  fuel  from 
the  outside,  Fig.  76.  The  pots  are  also  fitted  to  a  pair  of  wheels, 
by  which  they  can  be  wheeled  from  the  gum  running  shed  to  the 
mixing  shed;  sometimes  rails  are  laid,  on  which  the  pots  are 
run.  As  a  very  considerable  quantity  of  vapour  of  rather  an 
acrid  character  is  given  off  during  the  process  of  gum  running,  it 
is  necessary  to  fit  the  pots  with  a  hood  connected  with  a  flue,  by 
which  means  all  the  vapours  are  carried  into  a  chimney,  and  so 
away  out  into  the  atmosphere.    It  would  be  better,  however,  to 
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take  the  vapours  into  a  large  condensing  chamber  to  allow  as 
much  as  possible  of  them  to  condense  into  a  liquid  form,  for 
which  some  uses  (if  only  as  fuel  for  the  furnaces)  could  be  found. 
This  would  prevent  a  considerable  amount  of  nuisance  being 
generated  during  the  process  of  varnish  making.  In  some  large 
places  where  they  have  steam  boilers  the  vapour  is  carried  by 
means  of  a  pipe  to  the  ash-hole  of  the  fire-place,  and  thus  passed 
through  the  fire ;  the  mouth  of  the  pipe  must  be  covered  with 
wire  gauze.  Prior  to  the  gum  being  run,  it  is  broken  up  into 
small  pieces  about  the  size  of  a  walnut.  At  one  time  this  used 
to  be  done  by  hand  with  a  hammer,  but  is  now  effected  by  a 
machine  known  as  the  breaker,  usually  consisting  of  a  pair  of 
rollers  fitted  with  teeth,  by  which  the  gum  is  broken  up  as  it 
passes  between  the  rollers. 

F.  S.  Barff  patented  a  process  of  fusing  gums  and  treating 
them  with  oil  by  means  of  superheated  steam.  An  iron  vessel 
is  provided,  which  may  either  be  jacketted  or  fitted  with  steam 
coils.  In  this  pan  the  gums  are  placed,  then  a  current  of 
superheated  steam  is  sent  into  the  jacket  or  coils;  the  gums  are 
thereby  melted,  and  kept  melted  as  long  as  is  considered  desir- 
able, the  temperature  at  which  the  operation  is  carried  on  being 
measured  by  means  of  a  pyrometer,  or  other  suitable  means. 
As  in  the  running  of  the  gums  there  is  some  loss,  varying  from 
20  to  40  per  cent.,  according  to  the  kind  of  gum  being  run,  the 
apparatus  may  be  arranged  in  connection  with  a  scale  or  balance 
so  that  the  weight  of  its  contents  being  known,  a  control  of  the 
operation  can  be  obtained. 

The  process  has  not  come  into  practical  operation  as  there 
must  be  many  difficulties  in  the  way  of  applying  it,  especially 
with  such  resins  as  gum  copal,  animi,  which  have  a  high 
melting  point,  although  the  colour  of  the  resin  will  not  be  so 
materially  affected  as  it  is  with  a  fire  process  of  gum  running 
or  melting. 

A  French  method  for  running  gums,  closely  resembling  that 
of  Barff  in  some  particulars,  consists  in  suspending  the  gum  in 
a  suitable  pot  on  one  pan  of  a  balance,  which  in  turn  is 
suspended  in  a  furnace.  The  purpose  of  the  balance  was  that 
the  operation  could  be  stopped  when  the  resin  had  lost  a  certain 
proportion,  usually  25  to  30  per  cent.,  of  its  constituents. 
There  are  a  good  many  drawbacks  to  such  a  piece  of  apparatus, 
its  instability  will  prevent  the  proper  working  of  the  resin  in 
the  pot  to  ensure  its  complete  fusion,  then  the  balance  is  liable 


*  Englisli  Patent  No.  1,517,  of  1878. 
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to  get  out  of  order,  and  it  is  scarcely  possible  to  fix  with  cer- 
tainty the  exact  proportion  any  resin  should  lose  on  heating. 

Too  much  care  cannot  be  exercised  in  the  operation  of 
"running;"  the  gum  must  be  completely  fused  or  melted,  any 
unmelted  portions  which  may  be  left  in  will  not  amalgamate 
with  the  oil  and  spirit  in  the  subsequent  operations,  then  the 
temperature  must  be  maintained  at  the  right  heat,  or  the 
resulting  varnish  will  be  defective.  There  is  no  doubt  but 
that  in  the  process  some  action  goes  on  which  results  in  a 
change  in  the  properties  of  the  resin  to  render  it  more  soluble 
in  oil  and  turpentine;  unless  time  is  given  for  this  change  to  be 
fully  brought  about,  the  proper  results  cannot  be  obtained. 
Unfortunately  no  definite  rules  can  be  given,  so  many  factors 
affect  the  working  of  the  operation. 

2nd,  Oil  Boiling. — While  the  gum  is  being  "run"  the  oil  to 
be  used  is  boiled.  This  is  done  in  what  is  known  as  the  boiling 
pot,  which  is  the  same  in  shape  as  the  oil  boiling  pots  described 
when  dealing  with  the  boiling  of  linseed  oil.  The  oil  is  heated 
to  about  500°  F.  for  1  to  2  hours,  when  it  is  ready  for  mixing 
with  the  melted  gum.  The  boiling  of  the  oil  is  a  comparatively 
simple  operation,  and  there  should  be  no  difficulty  in  carrying  it 
out. 

3rd,  Mixing. — When  the  gum  has  been  properly  run  by 
being  heated  in  the  gum  pot  until  it  is  in  a  quiet  state  of 
ebullition,  and  there  is  no  more  frothing;  which  always  occurs 
when  a  gum  is  first  heated,  and  which  is  a  source  of  trouble  in 
the  operation  of  gum  running  by  causing  the  gum  to  boil  over 
and  to  become  a  source  of  danger  by  being  liable  to  take  fire 
if  it  finds  its  way  into  the  furnace,  as  well  as  being  a  loss  to  the 
varnish  maker.  This  frothing  is  probably  due  to  the  water  which 
the  resin  naturally  contains  being  driven  off,  as  well  as  to  the 
escape  of  the  more  volatile  constituents  of  the  resin;  when  this 
frothing  happens  the  best  thing  to  be  done  is  to  lift  the  pot  from 
the  fire  and  beat  down  the  froth  as  much  as  possible ;  when  it  has 
subsided,  the  pot  may  be  replaced  on  the  fire  and  the  gum  again 
heated,  these  proceedings  being  repeated  until  all  frothing  ceases. 
With  the  object  of  preventing  accidents  from  boiling  over  the 
gum  pot  is  made  deep,  and  to  hold  a  much  larger  quantity  of  gum 
than  is  run  at  one  time. 

When  the  runner  considers  that  the  gum  has  been  properly 
melted  (on  which  point  experience  is  the  only  reliable  guide)  the 
necessary  quantity  of  the  boiling  oil  is  taken  from  the  boiling 
pot  in  the  copper  jack  and  poured  into  the  melted  gum,  which  is 
stirred  energetically  all  the  time.    When  properly  mixed  the 
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contents  of  the  gum  pot  arc  poured  into  the  set  pot  (see  below); 
the  gum  pot  is  then  ready  for  another  run  of  gum.  What  has 
here  been  described  is  called  a  "run;"  usually  a  large  number  of 
runs  are  made  and  put  into  the  set  pot  for  treatment  at  one  time 
by  the  next  operation. 

In  the  early  days  of  varnish  making  the  usual  quantity  of  gum 
run  at  one  time  was  8  lbs.,  and  all  recipes  for  making  varnish  are 
based  on  this  figure;  but  nowadays  quantities  of  50  or  60  lbs. 
are  commonly  run  at  one  time. 

4th,  Boiling. — For  the  purpose  of  boiling  the  mixture  of  oil 
and  gum  so  as  to  cause  them  to  combine  together  properly  and 
to  increase  their  drying  properties,  what  is  called  a  "set  pot''  is 
used.  This  is  an  iron  vessel,  in  shape  resembling  a  washing 
boiler,  having  a  capacity  of  about  600  gallons,  and  set  in  a  suitably 
constructed  furnace.  Several  runs  of  gum  are  poured  into  it,  and 
the  whole  heated  or  boiled  at  from  450°  to  500°  F.  The  duration 
of  the  boil  varies  with  different  kinds  of  varnish,  and  may  range 
from  half  an  hour  to  4  or  5  hours.  When  sufficiently  boiled  the 
liquid  has  a  certain  amount  of  stringiness.  When  the  gum  and 
oil  are  first  mixed  they  will  not  string — that  is,  if  a  drop  be  taken 
between  the  finger  and  thumb,  and  these  be  extended,  the  varnish 
will  not  extend  in  the  form  of  strings;  by  boiling  it  obtains  this 
property,  and  the  longer  it  is  boiled  the  more  extensible  does  it 
become;  some  varnishes  only  require  a  moderate  amount  of 
stringiness,  others  require  a  great  deal;  instructions  on  this 
point  will  be  given  when  dealing  with  each  individual  varnish. 
Another  efiect  of  the  boiling  is  to  make  the  varnish  clear  and 
transparent;  the  mixture  of  gum  and  oil  when  first  made  is 
usually  rather  cloudy,  but  clears  up  on  boiling. 

The  set  pot  should  be  so  placed  in  the  furnace  that  it  can  be 
readily  lifted  out  at  the  end  of  the  boiling,  and  be  taken  out  of 
doors  away  from  the  proximity  of  the  furnaces  for  the  next  opera- 
tion. As  a  further  precaution,  a  shallow  concave  cover  filled  with 
sand  should  be  slung  by  chains  over  the  pot.  Should  the  oil 
take  fire  during  the  operation  of  boiling,  this  cover  is  quickly 
lowered  down  on  to  the  pot  and  the  fire  smothered  out  before  it 
has  taken  too  great  a  hold  of  the  oily  mass.  Water  is  perfectly 
useless  for  this  purpose,  and  should  never  be  used  to  put  out 
burning  oil;  there  is  nothing  better  for  this  purpose  than  sand. 
Varnish  making  is  always  subject  to  the  danger  of  the  material 
firing;  hence  every  precaution  should  be  taken  to  have  means  at 
hand  to  provide  the  promptest  extinction  of  the  flames.  It  would 
be  advisable  to  have  the  floor  of  the  running  and  boiling  shops 
made  of  sand,  so  that  if  any  oil  does  boil  over  it  will  be  absorbed 
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by  the  sand  and  would  not  inflame.  A  heap  of  sand  should 
always  be  kept  in  a  convenient  position,  so  that  it  may  be  thrown 
on  any  oil  that  may  by  chance  boil  over.  The  fireplace  should 
be  so  built  as  to  be  fed  from  the  outside. 

5th,  Thinning. — After  the  boiling  operation  described  above 
is  completed,  the  set  pot  and  its  contents  are  removed  from  the 
fire  and  taken  out  of  doors,  if  the  weather  permits,  or  into  a  shed 
specially  used  for  this  purpose,  and  which  is  at  some  distance 
from  any  fire ;  here  it  is  mixed  with  turps,  to  thin  it  down  to  a 
working  consistency.  Turps  is  so  volatile  a  body  that  if  poured 
at  once  into  the  hot  varnish  mass  it  would  be  almost  entirely 
driven  ofl"  as  a  vapour,  which  is  readily  inflammable  by  contact 
with  a  fire  or  light.  This  thinning  operation  should,  therefore, 
always  be  done  at  some  considerable  distance  from  a  fire  or  light. 
Turps  vapour,  being  heavy,  travels  along  the  ground,  and  may 
even  reach  a  fire  20  feet  away.  Although  it  is  necessary  to  mix 
the  turps  with  the  varnish  mass  at  as  high  a  temperature  as  pos- 
sible, yet  it  is  advisable  to  allow  the  hot  varnish  mass  to  cool 
down  somewhat  before  adding  the  turps;  this  should  also  be 
added  in  small  quantities  at  a  time,  and  each  lot  well  stirred  in 
before  adding  the  next  lot;  by  these  means  the  mixing  will  be 
properly  done  without  too  great  a  loss  of  turps. 

6  th,  Clearing  and  Ageing. — Freshly-made  varnish  is  most 
unsatisfactory  to  use,  and  all  the  best  qualities  are  subjected  to 
an  ageing  and  clearing  process  before  they  are  sent  out.  This 
process  consists  simply  in  putting  them  into  large  iron  tanks  or 
cisterns,  where  the  varnish  is  kept  (free  from  exposure  to  the 
atmosphere)  for  periods  varying  from  six  months  to  one  and  a- 
half  or  two  years.  During  this  time  the  particles  of  insoluble 
matter  fall  down,  and  the  constituents  becoming  more  thoroughly 
amalgamated,  a  clearer,  more  transparent,  lustrous  and  more 
easily  worked  varnish  is  obtained. 

Such  is  a  brief  description  of  the  usual  method  of  making  oil 
varnishes.  The  quality  of  the  varnish  made  depends  upon  a 
number  of  factors.  The  gum  must  be  good  and  as  free  as  possible 
from  particles  of  vegetable  matter,  which,  in  the  running,  are  apt 
to  char  and  thus  discolour  the  resulting  varnish.  For  pale 
varnishes,  clear,  pale  gums  must  be  used  ;  and  the  running  must 
be  both  thorough  and  carefully  done  since  there  is  no  remedy 
for  any  defect  due  to  a  bad  run,  while  one  such  run  will  spoil 
a  whole  batch  of  varnish.  It  should  always  be  borne  in  mind 
that  any  gum  left  unmelted  will  not  dissolve  on  adding  the  oil. 
Again,  the  temperature  of  running  should  not  be  too  low  nor  too 
high ;  the  former  influences  the  bloom  of  the  varnish  while 
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the  latter  tends  to  make  the  varnifth  too  dark.  The  boiled  oil 
should  be  hot,  about  500'  to  550'  F.,  so  that  on  being  poured 
into  the  melted  gum  it  will  mix  freely  and  not  cool  down  the 
latter  too  much  ;  after  mixing  it  is  advisable  to  boil  the  mixture 
for  about  ten  minutes  before  pouring  it  out  into  the  set  pot. 
The  best  practical  guide  to  all  these  and  other  points  in  varnish 
making  is  experience.  The  linseed  oil  used  should  be  of  the  very- 
best  quality,  as  good  varnish  cannot  be  made  from  poor  oil,  and  it 
ought  to  be  kept  in  covered  tanks  for  some  months  before  using. 
The  turps  should  also  be  of  good  quality ;  it  is  improved  by 
keeping. 

Another  method  of  making  varnishes,  which  was  much  advocated 
by  Tingry,  is  to  melt  the  gum  in  the  usual  way  ;  then  to  run  it  out 
on  to  a  cold  surface  so  that  it  would  solidify  in  sheets ;  when 
cold,  the  solid  gum  is  roughly  powdered,  put  into  the  boiling  pot 
with  the  oil  and  boiled  up  as  described  above.  In  mixing,  3  lbs. 
of  melted  gum  should  be  reckoned  as  equal  to  4  lbs.  of  fresh 
gum ;  in  other  respects  the  same  quantities  of  oil,  &c.,  may  be 
taken.  The  varnishes  made  by  this  method  cannot  be  dis- 
tinguished from  those  made  by  the  old  method.  Tingry  advised 
keeping  the  gum  melted  until  it  had  lost  25  per  cent,  of  its 
weight,  and  he  devised  a  special  form  of  melting  apparatus  by 
which  this  could  be  done ;  but  the  process  was  (for  several 
reasons)  a  rather  unpractical  one. 

It  is  stated  in  many  accounts  of  varnish  making  that  oil 
varnishes  may  be  made  by  boiling  the  gum  in  the  oil.  As  a 
general  rule,  this  is  not  correct.  A  few  gums  may  be  dissolved 
in  this  way,  but  most  of  the  oil  varnish  gums  obstinately  refuse 
to  be  transformed  into  varnishes  by  this  method. 

RECIPES. — Oil  varnishes  are  divided  by  the  trade  into  coach 
varnishes  and  cabinet  varnishes,  but  there  is  no  essential  difference 
between  them  ;  they  are  made  in  the  same  way  and  often  from 
the  same  materials ;  the  difference  is  due  to  the  carriage 
varnishes  being  made  from  better  qualities  of  gums  and  oil  and 
a  little  more  care  being  taken  in  their  preparation.  The  following 
recipes  are  taken  from  the  most  reliable  sources  and  give  par- 
ticulars for  preparing  all  the  varieties  of  oil  varnishes  now  in 
use.  The  preparation  of  varnishes  is  considered  a  trade  secret, 
and  it  is  difficult  to  obtain  reliable  information  on  the  subject. 
What  is  here  given  and  what  is  to  be  found  in  most  accounts 
is  based  on  a  lecture  on  varnish  making  given  by  Mr.  J.  Wilson 
Neil  to  the  Society  of  Arts  many  years  ago,  and  published  in 
an  early  volume  of  their  Transactions,  which  is  difficult  to 
obtain  now. 
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The  proportions  are  generally  given  as  for  a  run  of  8  lbs.  of 
gum. 

1.  Finishing  Body  Varnish  for  Coaches. — Run  8  lbs.  of 
the  best  African  animi,  pour  in  2  gallons  of  the  best  oil  well 
boiled,  set  very  slowly  (by  boiling  for  4  to  5  hours  until  it  strings 
well),  allow  to  cool  and  add  3|  gallons  of  turps ;  strain  and  allow 
to  age.  This  varnish  is  considered  to  be  the  best  varnish  made, 
but  it  requires  considerable  care  in  making  it  to  obtain  it  of  good 
quality;  the  best  and  palest  gum  and  the  best  oil  must  be  used. 

2.  Hard  Drying  or  Flatting  Varnish. — This  is  made  by 
running  8  lbs.  of  gum  animi,  mixing  with  2  gallons  of  oil,  and, 
after  boiling  for  4  hours,  thinning  with  3|  gallons  of  turps. 

This  varnish  dries  rather  harder  than  the  above  and  quicker — 
i.e.,  in  about  8  to  10  hours.  It  is  chiefly  used  for  the  under  coats 
of  varnish  on  a  coach  body. 

This  varnish  is  used  for  the  surface  coats  of  carriages,  is  pale 
in  colour,  and  dries  with  a  brilliant  surface  in  about  12  hours. 
It  is  a  very  durable  varnish,  and  will  resist  the  destructive  action 
of  the  atmosphere  very  well. 

3.  Elastic  Carriage  Varnish  (1). — Eun  8  lbs.  of  good  quality 
gum  copal,  mix  with  2  J  gallons  of  oil,  add  ^  lb.  of  dried  copperas 
and  ^  lb.  of  litharge,  boil  until  it  strings,  then  allow  to  cool  and 
thin  with  gallons  of  turps.  Run  8  lbs.  of  second  sort  gum 
animi,  mix  with  2^  gallons  of  oil,  add  ^  lb.  of  dried  sugar  of  lead 
and  ^  lb.  of  litharge,  boil  until  it  strings,  allow  to  cool  and  thin 
with  5  J  gallons  of  turps.  The  two  lots  are  mixed  together,  strained, 
and  allowed  to  mature.  This  varnish  dries  hard  with  a  fine  polish 
in  about  5  hours  in  summer  and  in  about  7  hours  in  winter.  It 
is  used  for  varnishing  common  carriages  and  also  for  cabinet 
work, 

4.  Elastic  Carriage  Varnish  (2). — Run  8  lbs.  of  first  quality 
gum  copal,  mix  with  3  gallons  of  oil,  boil  for  4  hours  until  it 
strings,  then,  after  cooling,  add  5|  gallons  of  turps.  Run  8  lbs. 
of  best  gum  animi,  mix  with  2  gallons  of  oil,  and,  after  boiling 
until  it  strings,  thin  with  3|  gallons  of  turps.  Two  pots  of  this 
running  are  mixed  with  one  pot  of  the  first  running,  and  the 
whole  is  strained  and  allowed  to  mature.  This  varnish  is  much 
used  as  the  finishing  varnish  for  common  coaches,  and  for  the 
under  parts  of  superior  coaches.  It  dries  brilliant  and  is  durable. 
It  is  rather  quicker  in  drying  than  No.  1,  taking  about  10  hours 
in  summer  and  12  hours  in  winter. 

5.  Elastic  Carriage  Varnish  (3). — Run  8  lbs.  of  gum  copal, 
mix  with  2  gallons  of  oil,  and  boil  until  it  strings,  then  thin  with 
3^  gallons  of  turps.    Run  8  lbs.  of  gum  animi,  mix  with  2  gallons 
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of  oil,  boil  as  before,  and  thin  with  3|  gallons  of  turps.  Mix  one 
pot  of  this  running  with  one  pot  of  the  previous  running,  strain, 
and  finish  in  the  usual  way.  As  good  a  quality  of  gums  is  not 
used  in  making  this  varnish  as  the  last,  so  that  it  is  usually 
rather  darker,  although  it  is  quite  as  durable.  It  dries  in  about 
the  same  time. 

6.  Elastic  Hard  Carriage  Varnish. — Run  8  lbs.  of  gum 

copal,  mix  with  2  gallons  of  oil,  add  ^  lb.  of  dried  sugar  of  lead, 
and  boil  until  stringy ;  thin  with  3|  gallons  of  turps.  Run  8  lbs. 
of  gum  animi,  mix  with  2  gallons  of  oil,  add  ^  lb.  of  dried  cop- 
peras, and  boil  until  it  strings;  thin  with  3|  gallons  of  turps. 
Both  runnings  are  mixed  together  and  finished  in  the  usual  way. 
This  varnish  is  used  for  the  under  coats  in  varnishing  carriages; 
it  dries  hard  in  about  5  to  6  hours,  and  gives  a  smooth  surface. 

7.  Carriage  Varnish. — Run  8  lbs.  of  second  quality  gum 
animi,  mix  with  2|  gallons  of  oil,  add  J  lb.  each  of  litharge, 
dried  copperas,  and  dried  sugar  of  lead,  boil  until  it  strings,  then 
thin  with  gallons  of  turps,  and  finish  in  the  usual  way.  This 
varnish  is  used  for  varnishing  dark-coloured  carriages,  the  iron- 
work of  coaches,  and  for  ordinary  cabinet  work.  It  dries  quickly 
in  about  4  hours  in  summer  and  5  hours  in  winter,  with  a  hard 
and  glossy  surface.  It  is  not  so  durable  as  the  other  varnishes 
described  above. 

8.  Pale  Oak  Varnish. — 8  lbs.  of  gum  copal  are  run  and  mixed 
with  3  gallons  of  oil ;  ^  lb.  each  of  dried  copperas,  dried  sugar  of 
lead,  and  litharge  are  added;  the  mixture  well  boiled  and  thinned 
with  5^  gallons  of  turps,  and  the  varnish  strained  and  finished  in 
the  usual  way.  This  varnish  is  used  for  all  kinds  of  best  cabinet 
varnish;  it  dries  in  about  4  hours  with  a  hard  and  durable 
surface. 

9.  "No.  2  Oak  Varnish.— Made  in  the  same  way  as  the  last, 
but  from  a  poorer  quality  of  gums. 

10.  Hard  Church  Oak  Varnish. — Run  8  lbs.  of  gum  kauri; 
mix  with  3  gallons  of  oil ;  boil  until  it  strings  well ;  then,  after 
cooling,  thin  with  5  J  gallons  of  turps.  This  varnish  dries  with 
a  hard,  glossy  surface  in  from  6  to  7  hours.  It  is  not  a  durable 
varnish  if  used  in  positions  where  it  is  exposed  to  the  weather, 
but  for  all  interior  work  it  stands  well  and  resists  a  great  deal  of 
wear  and  tear. 

11.  No.  2  Hard  Church  Oak  Varnish. — This  is  made  in  the 
same  way  as  the  last,  only  poorer  qualities  of  gums  are  used. 

12.  Pale  Copal  Varnish. —  Carefully  select  8  lbs.  of  the  palest 
gum  copal;  run  well  and  mix  with  2  gallons  of  pale  boiled  oil; 
boil  the  whole  until  it  strings,  then  allow  to  cool  down  a  little, 
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and  thin  with  5^  gallons  of  turps.  Strain  and  finish  as  usual. 
When  well  made  this  varnish  is  very  pale,  and  dries  with  a 
lustrous,  durable  coat  in  from  8  to  10  hours. 

13.  Japanners'  Gold  Size. — Run  10  lbs.  of  gum  animi  and 
mix  it  with  2  gallons  of  hot  oil ;  prepare  two  runs  of  this.  In 
the  set  pot  place  10  gallons  of  oil  and  boil  it  well  for  2  hours ; 
then  add  7  lbs.  of  red  lead,  7  lbs.  of  litharge,  and  3  lbs.  of  copperas ; 
the  addition  of  these  driers  is  best  made  in  small  quantities  at  a 
time,  the  whole  mass  being  kept  boiling  all  the  time;  when  all 
the  driers  have  been  added  the  boiling  should  be  continued  for 
about  3  hours  longer.  Sometimes  the  addition  of  the  driers 
causes  the  boiling  oil  to  froth  up  very  much;  in  such  cases  it  is 
best  to  reduce  the  fire  somewhat,  and  to  take  some  of  the  oil  out 
of  the  pot,  adding  it  again  as  the  frothing  subsides.  When  the 
oil  has  been  boiled  for  3  hours  the  two  runs  of  gum  are  added, 
and  the  boiling  is  continued  for  5  hours,  when  it  will  begin  to 
string;  the  boiling  is  continued  until  the  mass  drops  off  the  ladle 
or  stirring  rod  in  large  drops,  and  strings  well.  Then  allow  to 
cool,  which  will  take  about  2  hours;  pour  in,  in  small  quantities 
at  a  time,  30  gallons  of  turps;  as  this  is  being  poured  in  th.6 
whole  mass  must  be  thoroughly  stirred  up  so  as  to  get  the  turps 
and  varnish  well  mixed ;  the  mixing  with  the  turps  must  not  be 
done  too  quickly,  or  otherwise  there  is  too  great  a  liability  to 
boil  over;  in  fact,  this  applies  to  the  mixing  of  turps  in  making 
all  these  oil  varnishes.  This  gold  size  will  dry  in  about  10 
minutes,  if  well  made;  although  sometimes  it  may  take  25 
minutes  to  dry. 

14.  Black  Japan  (1). — This  is  made  in  a  very  similar  manner 
to  the  gold  size  just  described.  Into  the  set  pot  put  6  gallons  of 
linseed  oil,  boil  it  on  a  slow  fire  for  2  hours,  then  run  in  a  gum 
pot  10  lbs.  of  asphaltum,  and  mix  with  2  gallons  of  oil:  when 
mixed,  pour  into  the  set  pot;  then  run  three  more  lots,  pouring 
each  one  as  it  is  run  into  the  set  pot ;  then  add  7  lbs.  of  red  lead, 
7  lbs.  of  litharge,  and  3  lbs.  of  copperas,  in  small  quantities  at  a 
time;  keep  the  mixture  boiling  slowly  for  4  hours  longer;  then 
allow  to  stand  till  the  next  day,  when  it  is  boiled  until  a  small 
quantity  taken  out  on  a  glass  will,  when  rubbed  or  rolled  in  the 
fingers,  set  hard;  it  is  now  allowed  to  cool,  and  when  sufiiciently 
cold  30  gallons  of  turps  are  added.  If  after  the  Japan  has  become 
cold  it  is  found  to  be  too  stiff*,  then  it  can  be  warmed  up  and  more 
turps  added  until  it  attains  the  right  consistency.  This  Japan 
is  used  for  all  kinds  of  ironwork  about  carriages  which  are  to  be 
black ;  it  dries  with  a  hard,  durable,  lustrous  coat  in  about  8  hours. 

15.  Black  Japan  (2). — A  better  quality  of  black  Japan  which 
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will  dry  harder  and  more  glossy  is  made  as  follows: — Melt  48  lbs. 
of  asphaltum  in  the  set  pot,  and  when  melted  add  10  gallons  of 
oil ;  run  in  the  gum  pot  8  lbs.  of  common  gum  animi,  and  mix 
with  it  2  gallons  of  oil;  pour  the  mixture  into  the  set  pot;  then 
run  10  lbs.  of  common  amber,  and  mix  with  2  gallons  of  oil;  this 
running  is  also  added  to  the  set  pot,  the  contents  of  which  is 
boiled  for  3  hours  longer,  during  which  time  7  lbs.  of  red  lead, 
7  lbs.  of  litharge,  and  3  lbs.  of  copperas,  are  added,  and  the 
boiling  continued  until  the  mass  sets  between  the  fingers  into  a 
hard  mass.  Allow  it  to  cool;  then  thin  with  30  gallons  of  turps, 
as  before. 

16.  Black  Varnish  for  Carriage  Iron  Work. — Run  48  lbs. 

of  asphaltum  in  the  set  pot,  and  add  10  gallons  of  boiled  oil, 

7  lbs.  of  red  lead,  7  lbs.  of  litharge,  and  3  lbs.  of  copperas;  run 

8  lbs.  of  copal,  mix  with  2  gallons  of  oil,  and  add  to  the  set  pot ; 
boil  the  whole  for  4  hours;  place  on  one  side  till  the  next  day, 
and  then  boil  until  it  sets  hard  between  the  fingers;  then,  after 
cooling,  thin  with  30  gallons  of  turps.  This  dries  hard  with  a 
good  surface  in  about  3  hours. 

17.  Brunswick  Black  (1). — This  very  useful  black  varnish 
is  made  in  several  ways.  Run  45  lbs.  of  asphaltum  for  6  hours 
in  a  set  pot.  Boil  6  gallons  of  oil  with  6  lbs.  of  litharge  until  it 
strings  well ;  pour  into  the  set  pot  with  the  asphaltum,  and  boil 
the  whole  until  it  will  set  hard  between  the  fingers ;  then  allow 
to  cool,  and  thin  with  25  gallons  of  turps.  This  dries  in  about 
4  hours  with  a  good  surface,  having  a  brilliant  gloss. 

18.  Brunswick  Black  (2). — A  commoner  Brunswick  black  is 
made  as  follows: — 28  lbs.  of  coal-tar  pitch  and  28  lbs.  of  asphaltum 
are  boiled  together  in  the  set  pot  for  6  hours ;  the  mixture  is 
allowed  to  stand  all  night,  after  which  it  is  boiled  up  and  8  gal- 
lons of  boiled  oil  are  added;  10  lbs.  of  litharge  and  10  lbs.  of  red 
lead  are  added  in  small  quantities  at  a  time,  and  the  mass  boiled 
until  it  will  set  hard  between  the  fingers ;  it  is  then  allowed  to  cool, 
and  is  mixed  with  20  gallons  of  turps.  This  will  dry  in  about 
1  to  2  hours,  and  is  a  good  black  varnish  for  all  kinds  of  ironwork. 

19.  Black  Leather  Varnish. — A  very  good  black  varnish  is 
made  by  boiling  10  lbs.  of  linseed  oil  with  4  lbs.  of  litharge  for 
about  5  hours,  and  then  colouring  with  lamp-black.  Other 
leather  varnishes  will  be  found  described  under  spirit  varnishes. 

20.  Amber  Varnish. — Run  6  lbs.  of  the  palest  amber,  mix 
with  2  gallons  of  oil,  and  boil  until  it  strings ;  then  thin  with 
3^  gallons  of  turps.  This  forms  one  of  the  most  durable 
varnishes  known ;  it  is  much  used  for  varnishing  pictures. 

21.  Copal  Picture  Varnish.— Run  8  lbs.  of  the  very  best 
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and  palest  copal,  mix  with  3  gallons  of  oil,  and  boil  until  it 
strings  well;  then  thin  with  3  gallons  of  turps.  When  good 
materials  are  used  a  pale  durable  varnish  is  obtained. 

22.  Oil  Varnish. — Boil  6  gallons  of  linseed  oil  with  1  lb.  of 
sugar  of  lead  for  5  hours.  Other  driers  may  be  used  instead  of 
the  sugar  of  lead,  such  as  sulphate  of  zinc,  borate  of  lead,  and 
borate  of  manganese.  Only  a  very  small  quantity  of  the  last  vi 
required,  or  about  1  lb.  to  70  or  80  gallons  of  oil. 

23.  Gold.  Size. — Run  8  lbs.  of  gum  copal,  mix  with  2  gallons 
of  oil,  boil  until  it  begins  to  string,  then  add  6  gallons  of  boiling 
oil,  and  thin  with  turps  to  the  required  consistency.  This  does 
not  dry  as  quickly  as  japanners'  gold  size,  and,  as  its  name 
indicates,  is  used  for  fastening  gold  leaf  to  glass  and  other 
objects. 

GENERAL  CONSIDERATIONS.— The  following  general 
features  concerning  oil  varnishes  and  their  manufacture  should 
be  noted.  An  oil  varnish  should  possess  the  following  pro- 
perties : — 1st,  good  and  free  working ;  2nd,  drying  hard  and 
rubbing  freely ;  3rd,  giving  an  elastic  coating  not  liable  to  crack 
or  bloom,  and  which  is  resistant  to  the  destructive  action  of  the 
atmosphere.  It  is  difficult  always  to  secure  these  features  of  a 
good  varnish,  especially  to  combine  the  second  and  third,  as 
hardness  and  elasticity  are  somewhat  opposed  to  one  another. 

In  the  preparation  of  these  varnishes  too  much  care  cannot  be 
exercised  in  carrying  out  the  various  operations.  The  materials 
should  be  carefully  selected ;  good  varnish  cannot  be  made  from 
a  poor  quality  of  gum,  and,  no  matter  how  good  this  may  be,  the 
use  of  a  bad  sample  of  oil  will  spoil  any  varnish  made  from  it ; 
the  quality  of  the  turpentine  used  also  has  some  influence.  In 
the  sections  referring  to  these  materials  will  be  found  information 
as  to  the  qualities  required  in  good  materials.  The  better  the 
gum  or  resin  is  run,  the  larger  will  be  the  quantity  of  varnish 
obtained,  and  this  will  be  stronger  and  better  for  working.  The 
boiling  of  the  oil  and  resin  together  must  be  well  done ;  if  not 
sufficiently  boiled,  the  resulting  varnish  does  not  work  freely, 
and  is  sometimes  liable  to  bloom.  This  latter  defect  also  occurs 
in  varnishes  made  from  badly-run  gums.  The  stringing  or  boiling 
should  be  done  slowly,  and  at  as  low  a  heat  as  possible ;  if 
brought  forward  too  quickly  by  the  use  of  too  much  heat,  then 
the  resulting  varnish  is  liable  to  be  discoloured.  It  takes  more 
turps  to  thin  it  down,  and  the  varnish  neither  works  so  freely 
under  the  brush,  nor  gives  such  a  smooth  brilliant  surface  as  a 
good  oil  varnish  should  do.  The  more  oil  there  is  used  in  the 
composition  of  a  varnish,  the  more  elastic  and  less  liable  to  crack 
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is  the  coat  formed  by  the  varnish.  On  the  other  hand,  the 
drying  is  retarded  by  using  too  little  oil.  The  more  gum  there 
is  put  into  a  varnish,  the  thicker,  firmer,  more  quickly  drying, 
and  more  brilliant  when  dry,  is  the  coat  formed ;  on  the  other 
hand,  it  is  more  liable  to  crack  if  there  is  too  little  gum.  The 
varnishes  made  by  the  French  method  (which  contain  little  oil) 
are  rather  liable  to  these  defects  of  cracking,  because  of  the  want 
of  elasticity  in  the  coat  they  form. 

Driers,  especially  copperas,  when  added  to  varnishes  have  a 
tendency  to  make  the  varnishes  opaque,  and  to  harden  them. 
An  oil  varnish  made  with  quick  driers  forms  a  coat  which  is 
hard,  non-elastic,  liable  to  crack,  and  of  short  duration. 

The  usual  proportions  of  resins  are  for  body  varnishes  about 
1;^  to  1 J  lbs.  per  gallon ;  for  carriage  and  cabinet  varnishes,  from 
1  to  lbs.  per  gallon ;  for  gold  size  and  japans,  from  J  to  f  lb. 
per  gallon.  If,  after  making  and  cooling,  the  varnishes  are 
found  to  be  too  thick,  they  can  be  reduced  to  the  required 
consistency  by  warming  (so  as  to  render  them  more  fluid)  and 
adding  turps. 

Yarnishes  should  be  kept  at  least  six  months  after  making 
before  they  are  used ;  this  ageing  causes  a  better  amalgamation 
of  the  constituents  of  the  varnish,  increases  the  ease  with  which 
it  works  under  the  brush,  and  causes  it  to  form  a  smoother  and 
more  lustrous  coat. 

ANALYSIS  OP  OIL  VARNISHES.— The  analysis  of  oil 
varnishes  is  one  of  great  difiiculty,  first,  because  it  is  quite 
impossible  to  separate  all  the  ingredients  from  one  another  so 
as  to  ascertain  either  their  amount  or  their  character;  all 
that  can  be  done  (and  even  that  but  approximately)  is  to 
separate  out  the  spirit  employed  in  thinning  down  the  varnish. 
To  separate  out  the  oil  and  the  resin  is,  in  the  present  condition 
of  analytical  chemistry,  an  impossibility,  and  no  wonder  when 
one  considers  that  the  treatment  which  the  resin  and  the  oil 
has  undergone,  must  have  brought  about  a  thorough  amalga- 
mation and  combination  of  these  bodies  with  some  alteration  of 
their  properties. 

To  separate  out  and  estimate  the  spirit  used  in  the  preparation 
of  the  varnish,  two  processes  are  available,  that  described  by 
Mr.  J.  Philips  and  that  of  Mr.  P.  M^lhiney. 

Philips'  Process, — Provide  a  large  retort  fitted  with  a  tubulure 
for  a  stopper,  then  place  in  this  a  measured  quantity  of  the 
varnish  to  be  tested.  Fit  a  tube  carrying  coal-gas  into  the 
tubulure  of  the  retort.  Connect  the  retort  with  a  condenser 
in  the  usual  way.    When  all  is  ready  send  a  gentle  current 
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of  the  coal-gas  through  the  retort,  then  begin  to  distil,  and  carry 
on  the  operation  until  it  is  seen  that  all  the  volatile  products 
are  driven  off  and  the  residual  oil  and  resin  are  beginning  to 
be  decomposed.  The  distillate  may  then  be  measured  and 
further  examined  and  its  character  and  composition  examined. 
The  section  on  Turpentine^  p.  396,  et  seq.,  may  be  consulted  on 
this  point.  The  object  of  the  current  of  coal-gas  passing  through 
the  retort  is  to  prevent  oxidation  of  the  turpentine,  which 
would  lead  to  erroneous  results  being  obtained,  and,  further,  it 
assists  the  operation  by  acting  as  a  mechanical  carrier  of  the 
vapour  of  the  spirit.  The  process  is  open  to  some  objections ; 
it  is  but  approximate  at  the  best,  the  varnish  obstinately  re- 
taining the  last  traces  of  the  spirit,  while  sometimes  the  current 
of  coal-gas  carries  away  with  it  some  of  the  spirit  in  the  form 
of  uncondensed  vapour. 

The  residue  in  the  retort  may  be  then  examined,  and  although 
no  distinctive  chemical  tests  can  be  applied  to  it,  yet  an  expert 
in  varnishes  may  glean  some  useful  information  as  to  the 
character  of  the  varnish  by  an  examination  of  the  residue  as  re- 
gards physical  appearances,  solubility  in  various  solvents,  action 
of  heat  on  it,  &c. 

M'llhiney^s  Process, — A  400  c.c.  flask  is  provided,  and  in  it 
is  placed  a  small  piece  of  tin  to  prevent  bumping  and  10  c.c. 
of  water  to  wet  the  inside  of  the  flask  j  25  grms.  of  the  varnish 
is  weighed  into  it,  and  100  c.c.  of  water  added.  The  flask  is 
connected  by  a  delivery  tube  to  a  condenser  and  the  mixture 
distilled  until  about  95  c.c.  have  come  over,  when,  as  a  rule,  all 
the  turpentine  or  other  spirit  will  have  been  volatilised ;  if 
the  residue  in  the  flask  still  smells  of  turpentine,  more  water 
should  be  added  and  the  distillation  repeated.  The  turpentine, 
&c.,  is  separated  from  the  water  in  any  convenient  way,  and 
an  examination  made  of  it  in  the  usual  manner.  As  turpentine 
is  slightly  soluble  in  water,  0*3  grm.  should  be  added  for  each 
90  c.c.  of  water  distilled  over. 

The  turpentine  or  spirit  which  comes  over  should  be  examined 
by  determining  its  specific  gravity,  flash  point,  action  of  nitric 
and  sulphuric  acids,  all  of  which  will  afford  valuable  informa- 
tion as  to  its  composition.  The  principal  substances  to  look  for 
in  the  order  in  which  they  are  commonly  used  are  turpentine, 
petroleum  and  shale  naphthas,  coal-tar  naphtha,  and  rosin  spirit, 
the  latter  being  but  little  used  in  oil  varnishes. 

The  chief  difficulty  in  analysing  oil  varnishes  is,  as  hinted 
above,  to  ascertain  the  nature  of  the  resin  and  oil  used  in 
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making  the  varnish.  There  is  room  for  further  research  on  this 
subject,  working  on  varnishes  of  known  composition. 

To  ascertain  if  any  driers  have  been  used  in  the  preparation 
of  the  varnish,  5  grammes  are  placed  in  a  porcelain  crucible 
over  a  Bunsen  burner,  and  the  varnish,  or  organic  portion 
thereof,  is  burnt  off;  any  driers  which  may  have  been  added 
is  left  behind  as  a  residue,  which  can  then  be  weighed  and 
examined  for  lead,  iron,  or  manganese  by  the  usual  tests. 

DEFECTS  TN  VARNISHES.— Varnishes  when  used  and 
exposed  to  the  air  are  subject  to  certain  defects  which  may 
develop;  it  is  often  rather  difficult  to  account  for  the  produc- 
tion of  these  faults,  inasmuch  as  they  do  not  show  themselves 
every  time  the  particular  sample  of  varnish  is  used.  Cracks. — 
When  cracks  form  in  the  coat  of  varnish  on  exposure,  it  is 
mostly  due  to  too  great  an  excess  of  gum,  or  more  often  to  too 
large  a  quantity  of  driers  being  used  in  the  preparation  of  the 
varnish.  Blooming, — A  peculiar  white,  lustreless  appearance, 
which  may  show  itself  either  in  patches  or  over  the  surface 
coated  with  the  varnish.  If  this  fault  be  due  to  the  varnish 
itself  it  is  caused  by  careless  or  insufficient  running  of  the  gum, 
or  by  using  the  varnish  in  too  new  a  condition.  Sometimes  it 
is  due  to  the  surface  that  is  varnished  being  damp,  and  there 
are  other  causes.  Sf/reahiness  is  due  to  the  varnish  being  too 
thick  or  too  thickly  applied. 

3rd.  SPIRIT  VARNISHES. 

This  class  of  varnishes  consists  chiefly  of  various  resins  dissolved 
in  a  volatile  spirit,  such  as  methylated  spirit,  turpentine,  etc. 
Most  of  them  are  made  without  any  oil,  but  some  contain  a  small 
quantity  of  oil,  which  makes  them  more  elastic  and  durable. 

METHODS  or  MAKING  SPIRIT  VARNISHES. 

There  are  two  methods  of  making  this  class  of  varnishes, 
depending  on  their  containing  or  not  containing  oil,  and  on  the 
nature  of  the  resin  or  gum  used  in  their  preparation.  The 
first  method  is  very  largely  used  in  France,  especially  for  making 
the  oil  containing  varnishes ;  while  the  second  is  usually  adopted 
in  this  country. 

French  Process  of  making  Spirit  Varnishes. — In  the 

main  this  follows  the  plan  already  described  for  making  oil 
varnishes,  and  the  same  plant  can  be  used.  The  peculiarity 
of  the  varnishes  mftde  by  this  process  is  that  they  contain  a 


500 


VARNISHES. 


small  quantity  of  oil;  they  miglit,  therefore,  be  classed  as  oil 
varnishes,  but,  as  the  oil  is  merely  of  secondary  importance,  it 
has  been  thought  best  to  class  them  among  the  spirit  varnishes. 
These  varnishes  are  made  by  running  the  gums  as  described  under 

011  varnishes  (p.  450);  they  are  then  mixed  with  the  oil,  which 
has  been  previously  heated  to  the  boil,  and  the  mixture  boiled 
until  it  strings,  an  operation  only  taking  a  few  minutes  to  do; 
they  are  then  allowed  to  cool,  when  they  are  mixed  with  the 
spirit,  and  finished  in  the  usual  way. 

1.  Amber  Varnish. — Eun  3  lbs.  of  pale  amber,  3  lbs.  of  pale 
copal,  and  3  lbs.  sandarac  together;  boil  18  lbs.  of  linseed  oil  and, 
while  very  hot,  mix  with  the  melted  resins;  boil  until  stringy; 
then  thin  with  sufficient  turps. 

2.  Carriage  Varnish. — Run  8  lbs.  of  sandarac,  mix  with 
4  lbs.  of  boiled  oil,  boil  till  the  mixture  strings,  and  thin  with 

12  lbs.  of  turps. 

3.  Pale  Copal  Varnish. — Run  8  lbs.  of  the  palest  Sierra  Leone 
copal,  mix  with  4  lbs.  of  boiled  linseed  oil,  boil  till  stringy,  and 
thin  with  14  lbs.  of  turps. 

4.  Kauri  Varnish. — Run  8  lbs.  of  pale  kauri  gum,  mix  with 
4  lbs.  of  boiled  oil,  boil  till  it  strings,  and  thin  with  12  lbs.  of 
turps. 

Common  Process  of  making  Spirit  Varnishes. — This 
method,  which  is  the  one  commonly  used  in  this  country,  is 
very  simple.  The  resins  are  mixed  with  the  solvent  and  kept 
in  a  warm  place  or  gently  heated  until  the  resins  are  com- 
pletely dissolved.  It  is,  therefore,  obvious  that  only  those 
resins  which  are  soluble  in  spirits  (either  naturally  soluble  or 
after  fusion)  can  be  used. 

If  it  be  found  necessary  to  aid  the  solution  of  the  resins  in  the 
spirits  by  the  application  of  heat,  the  heating  must  be  very  gentle ; 
as,  owing  to  the  volatility  and  inflammable  vapours  of  the 
solvents  used,  too  great  a  heat  would  cause  a  loss  of  the  solvent 
and  incur  the  risk  of  fire,  which  risk  should  be  most  carefully 
avoided. 

For  making  these  varnishes  on  a  small  scale,  say  about  a  gallon 
at  a  time,  there  is  no  better  plan  than  that  of  using  a  large  bottle 
which  can  be  closed  with  a  cork,  and  into  this  putting  the  materials 
and  shaking  them  up  from  time  to  time.  On  the  large  scale  no 
special  plant  is  used,  as  a  rule,  as  they  are  made  in  casks  or  any 
vessel  ready  to  hand.  A  good  form  of  plant  for  making  the 
common  spirit  varnishes  on  a  large  scale  would  be  a  boiler- shaped 
vessel  placed  vertically;  the  lower  half  is  fitted  with  a  jacket  of 
rather  large  dimensions  to  contain  water,  which  can  be  heated  by 
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steam  if  required;  through  the  top  end  passes  the  vertical  shaft 
of  an  agitator,  and  a  manhole  at  the  upper  end  serves  as  a  feed- 
hole  for  the  resins  and  spirits.  In  this  apparatus  the  materials 
can  readily  be  heated  up  to  from  150°  to  160°  F.  without  danger, 
and  this  heat,  together  with  the  thorough  mixing  of  the  materials 
with  the  agitator,  quickens  the  preparation  of  the  varnish. 

The  methylated  spirit  used  for  making  varnishes  cannot  be  too 
strong,  and  should  never  be  weaker  than  what  is  known  as  65° 
over  proof  (see  p.  382),  as  weaker  spirits  do  not  dissolve  the 
various  gums  readily  enough,  especially  such  as  mastic,  sandarac, 
and  Manila  copal.  Moreover,  varnishes  made~with  weak  spirits  are 
liable  to  dry  somewhat  dull,  owing  to  the  water  in  these  spirits. 
As  spirit  is  very  liable  to  absorb  water  from  the  atmosphere  it 
should  be  stored  under  conditions  which  will  not  allow  of  the 
access  of  moisture. 

1.  French  Polish. — Shellac,  2  lbs.  ;  gum  benzoin,  4  oz. ; 
spirit,  1  gallon.  Mix  together  and  shake,  at  intervals,  until  all 
the  former  two  substances  have  dissolved. 

2.  Shellac  Varnish  is  made  by  dissolving  1|  lbs.  of  shellac 
in  1  gallon  of  methylated  spirit.  This  varnish  is  one  of  the 
commonest  varnishes  made ;  it  dries  in  about  10  minutes,  and 
yields  a  firm,  hard,  and  lustrous  coat,  which  is  durable  and  resists 
the  weather  very  well ;  by  adding  a  little  gum  elemi  or  gum 
thus  a  varnish  giving  a  more  elastic  coat  is  made.  The  same 
effect  is  sometimes  produced  by  adding  a  little  linseed  or  castor 
oil.  This  varnish  has  a  turbid  appearance,  and  an  orange-brown 
colour,  and  dries  with  a  pale  brownish  colour.  This  varnish 
forms  the  basis  of  a  large  number  of  the  coloured  varnishes 
sold  under  the  names  of  walnut  varnish,  mahogany  varnish,  &c., 
and  made  by  colouring  the  shellac  varnish  with  various  colouring 
matters.  The  aniline  dyes  are  found  to  be  the  best,  as  being 
the  most  soluble  in  the  spirit,  and,  therefore,  yielding  the  most 
transparent  varnishes ;  these  are  sometimes  sold  as  stains, 
although  many  of  the  stains  which  are  sold  are  aqueous  solutions 
of  various  colouring  matters.    These  will  be  noticed  later  on. 

3.  Mahogany  Varnish. — Shellac,  IJ  lbs.;  methylated  spirit, 
1  gallon;  dragon's  blood,  1  oz.  This  varnish  is  a  poor  imitation 
of  the  colour  of  mahogany.  The  following  is  a  better  one: — 
Shellac,  1^  lbs.;  spirit,  1  gallon;  Bismarck  brown  E,  ^  oz. ; 
nigrosine,  a  sufficient,  but  very  small,  quantity.  Another  kind 
of  mahogany  varnish  consists  of  spirits  1  gallon,  1  lb.  of  gum 
sandarac,  ^  lb.  of  shellac,  2  ozs.  of  Venice  turpentine,  and  4  oz. 
of  dragon's  blood. 

4.  Walnut  Varnish. — Shellac,  1^  lbs.;  spirit,  1  gallon;  Bis- 
marck brown  B,  1  oz. ;  nigrosine,  J  oz.    By  varying  the  propor- 
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tion  of  the  two  colouring  matters,  the  shade  may  be  varied  to  a 
great  extent. 

5.  Ebony  Varnish. — Shellac,  1|  lbs.;  spirit,  1  gallon ;  brilliant 
spirit  black,  2  ozs. 

6.  Brown  Hard  Spirit  Varnish. — The  following  are  a  few 
recipes  for  making  spirit  varnishes  which  dry  with  a  hard,  firm, 
and  lustrous  coat : — (a)  Sandarac,  1  lb. ;  shellac,  |  lb. ;  gum  elemi, 
4  ozs. ;  Venice  turpentine,  4  ozs. ;  spirit,  1  gallon,  (b)  Gum  san- 
darac, 3  lbs.;  shellac,  2  lbs.;  spirit,  2  gallons;  after  the  gums 
have  dissolved  add  rosin  turpentine  varnish,  1  quart.  This  gives 
a  good  varnish,  which  is  not  as  quick  a  drier  as  a  pure  spirit 
varnish,  (c)  A  common  brown  varnish  may  be  made  by  mixing 
shellac,  1-^  lbs.;  rosin,      lbs.;  spirit,  2  gallons. 

7.  White  Hard  Spirit  Varnish. — This  varnish  is  largely  made 
for  varnishing  all  kinds  of  cabinet  work.  Like  the  preceding, 
there  are  several  ways  in  which  it  can  be  made,  (a)  Gum 
sandarac,  2^  lbs. ;  gum  thus,  1  lb. ;  spirit^  1  gallon,  (b)  Mastic, 
I  lb. ;  sandarac,  2  lbs. ;  elemi,  4  ozs. ;  spirit,  1  gallon,  (c)  Mastic, 
^  lb. ;  sandarac,  1  lb. ;  turpentine,  2  ozs. ;  spirit,  1  gallon.  These 
dry  quickly  with  a  hard,  lustrous  coating.  In  use  care  is  required 
not  to  work  too  rapidly,  and  to  brush  in  one  direction  only, 
because  if  they  are  allowed  to  froth,  as  they  are  liable  to  do,  they 
will  have  a  dull  surface  when  dry. 

8.  Mastic  Varnish. — Gum  mastic,  10  ozs. ;  and  turpentine, 
1  pint.  Place  the  vessel  in  which  the  varnish  is  being  made  in 
a  water  bath,  and  keep  at  a  gentle  heat  until  the  gum  has  dis- 
solved. This  varnish  is  much  used  for  varnishing  pictures. 
Genuine  mastic  varnish  mixed  with  boiled  oil  forms  a  gelatinous 
mass  known  as  "megilp,"  which,  owing  to  the  ease  with  which 
it  will  work  in  oil  painting,  is  often  used  as  a  vehicle  by  artists 
in  oils;  but  it  possesses  several  serious  faults  which  make  its  use 
for  painting  pictures  very  undesirable.  Raw  linseed  oil  mixed 
with  mastic  varnish  and  a  little  acetate  of  lead  forms  a  body 
known  as  "gumption,''  which  is  also  used  as  a  vehicle  in  oil 
painting,  but,  as  in  the  case  of  megilp,  its  use  cannot  be  recom- 
mended. 

9.  Common  Oak  Varnish. — Common  rosin,  3|  lbs.;  and 
turpentine,  1  gallon,  are  heated  in  a  water-bath  until  the  rosin 
has  dissolved,  when  it  is  ready  for  use.  This  varnish  dries  in  a 
short  time  with  a  hard,  lustrous  coat,  which  is  not  very  durable, 
especially  to  rubbing. 

10.  White  Shellac  Varnish. — Bleached  shellac,  1|  lbs. ;  spirit, 
1  gallon.  The  shellac  must  be  thoroughly  dried  before  it  is  added 
to  the  varnish ;  if  used  wet  as  it  is  sold  the  varnish  made  from 
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it  will  be  dull  and  cloudy.  Another  method  of  making  white 
shellac  varnish  is  to  dissolve  1 J  lbs.  of  shellac  in  1  gallon  of  spirit, 
add  about  2  lbs.  of  animal  charcoal,  and  warm  in  a  "water-batli 
for  10  minutes;  a  little  is  now  filtered;  if  the  varnish  is  not 
sufficiently  colourless  more  charcoal  is  added,  and  the  warming 
continued.  This  process  is  repeated  until  the  varnish  is  white 
enough;  then  it  is  filtered. 

11.  Paper  Varnish. — (a)  Gum  sandarac,  20  ozs.;  gum  mastic, 
8  ozs.;  pale  gum  elemi,  2  ozs.;  spirit,  48  ozs.  This  varnish  dries 
quickly  and  forms  a  durable  coat ;  the  paper  must  have  a  coating 
of  glue  size  before  it  is  varnished,  (h)  Gum  sandarac,  4  ozs.; 
gum  mastic,  8  ozs.;  gum  thus,  6  ozs.;  turps,  8  ozs.;  spirit, 
1  gallon,  (c)  Gum  sandarac,  8  ozs.;  Manila  copal,  8  ozs.;  copaiba 
balsam,  4  ozs.;  castor  oil,  2  ozs.;  spirit,  J  gallon. 

12.  Negative  Varnish  for  Photographers. — Gum  sandarac, 
5  ozs.;  gum  benzoin,  2  ozs.;  spirit,  J  gallon. 

13.  White  Varnishes. — {a)  Pale  Manila  copal,  8  ozs.;  camphor, 
1  oz.;  mastic,  2  ozs.;  Venice  turpentine,  1  oz.;  spirit,  1  quart. 
This  varnish  dries  quickly  with  a  good  surface.  (6)  Sandarac, 
8  ozs. ;  mastic,  2  ozs. ;  Canada  balsam,  4  ozs. ;  spirit,  1  quart, 
(c)  Sandarac,  4  ozs.;  dammar,  4  ozs.;  gum  thus,  8  ozs.;  Manila 
copal,  8  ozs. ;  elemi,  8  ozs. ;  spirit,  \  gallon.  This  is  a  good,  pale 
and  cheap  varnish,  (d)  Gum  thus,  8  ozs. ;  gum  benzoin,  4  ozs.  j 
Manila  elemi,  4  ozs. ;  sandarac,  4  ozs. ;  spirit,  \  gallon. 

14.  Dammar  Varnish. — Gum  dammar,  10  ozs. ;  sandarac, 
5  ozs. ;  mastic,  1  oz. ;  turps,  1  pint.  Digest  at  a  gentle  heat  until 
the  gums  have  dissolved. 

15.  Kauri  Varnish. — Pale  kauri,  8  ozs. ;  mastic,  4  ozs.  ; 
chloroform,  9  ozs. ;  spirit,  27  ozs.  The  spirit  and  the  chloroform 
are  mixed  and  then  the  resins  are  added. 

16.  White  Spirit  Varnish.  —  Pale  Manila  copal,  6  ozs.; 
dammar,  2  ozs.;  bleached  shellac,  2  ozs.;  toluol,  6  ozs.;  spirit, 
18  ozs. 

Coloured  Varnishes. — These  are  mostly  used  for  colouring 
metal  work,  when  they  are  known  as  lacquers.  For  the  colouring, 
such  bodies  as  gamboge,  accroides,  dragon's  blood,  turmeric,  &c., 
are  used ;  while  the  coal-tar  colours  can  be  used  to  make  a  great 
variety  of  coloured  varnishes,  red,  blue,  green,  brown,  yellow  and 
other  more  or  less  fancy  colours. 

17.  Lacquers. — Generally  these  are  weak  shellac  varnishes 
coloured  with  various  colouring  matters.  The  introduction  of 
the  coal-tar  colours  has  enabled  a  great  many  fancy-coloured 
lacquers  to  be  introduced  of  recent  years.  Lacquers  are  used 
almost  exclusively  for  colouring  metals.    They  are  used  in  two 
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ways  called  "cold  lacquering"  and  "hot  lacquering."  In  the 
former  method  the  lacquer  is  applied  with  a  brush  as  evenly  as 
possible  over  the  article  while  it  is  cold ;  then  this  is  put  into  an 
oven,  where  it  is  subjected  to  a  gentle  heat  for  about  two  minutes 
to  set  and  harden  the  lacquer ;  care  has  to  be  taken  that  the  oven 
is  not  too  hot.  In  the  second  method  the  articles  are  first  slightly 
heated,  about  as  hot  as  can  be  borne  by  the  hand ;  then  the  lac- 
quer is  brushed  over  them.  If  the  article  is  small  it  is  put  into 
a  hot  oven  for  a  minute ;  if  large,  there  is  hardly  any  necessity 
for  this,  as  it  will  keep  its  heat  long  enough  to  set  the  lacquer. 

(a)  Pale  gold  lacquer. — 10  ozs.  of  orange  shellac,  1  gallon  of 
spirit,  and  \  oz.  of  gamboge.  (6)  Deejo  gold  lacquer, — Orange 
shellac,  10  ozs.  ;  turmeric,  4  ozs. ;  gamboge,  4  ozs. ;  dragon  s 
blood,  i  oz. ;  spirit,  |  gallon,  (c)  Pale  lacquer, — 1  gallon  of  spirit, 
5  ozs.  of  orange  shellac,  4  ozs.  of  gum  saiidarac,  1  oz  of  gum  elemi 
and  1  oz.  of  gamboge,  (d)  Brass  lacquer. — 14  ozs.  of  shellac, 
4  ozs.  of  turmeric,  1  oz.  of  annatto,  J  oz.  of  saffron,  and  1  gallon  of 
spirit,  (e)  Deep  lacquer. — 10  ozs.  of  shellac,  6  ozs.  of  sandarac, 
2  ozs.  of  gum  elemi,  2  ozs.  of  dragon's  blood,  and  1  gallon  of  spirit. 
(/)  Gold  lacquer. — 10  ozs.  of  shellac,  1  gallon  of  spirit,  and  \  oz.  of 
aniline  yellow,  {g)  Green  lacquer. — 10  ozs.  of  shellac,  1  gallon  of 
spirit,  and  \  oz.  of  brilliant  green.  This  gives  a  blue  green 
shade,  (h)  Green  lacquer. — 10  ozs.  of  shellac,  1  gallon  of  spirit, 
I  oz.  of  methyl  green,  and  |  oz.  of  auramine;  this  will  give 
a  yellowish-green,  (i)  Bronze  green  lacquer. — 10  ozs.  of  shellac, 
1  gallon  of  spirit,  ^  oz.  of  brilliant  green,  and  \  oz.  of  chrysoidine. 
{j)  Blue  lacquer. — 5  ozs.  of  shellac,  5  ozs.  of  sandarac,  2  ozs.  of 
elemi,  1  gallon  of  spirit,  and  1  oz.  of  alkali  blue,  {h)  Violet  lacquer. 
— 8  ozs.  of  sandarac,  2  ozs.  of  shellac,  3  ozs.  of  elemi,  1  gallon  of 
spirit,  and  \  oz.  of  methyl  violet.  These  examples  will  serve  to 
show  how  the  coal-tar  colours  can  be  used  in  the  preparation  of 
lacquers.  A  great  variety  can  be  thus  made  by  changing  the 
colouring  matter  used.  With  some  of  the  so-called  aniline 
colours  care  should  be  taken  not  to  use  too  much,  as  then  the 
real  colour  of  the  dyestuff  is  not  developed  but  a  bronzy  green 
appearance  only ;  this  is  likely  to  happen  with  magenta,  the 
violets  and  greens.  It  may  also  be  mentioned  that  the  blues, 
violets,  and  some  other  colours  are  made  in  several  shades  dis- 
tinguished by  letters,  as  3R,  2B,  5B,  6G,  &c. ;  in  such  cases  care 
must  be  taken  as  to  the  particular  brand  of  colour  used,  for  ex- 
ample, there  is  a  great  difference  in  shade  between  violet  311 — a 
very  red  shade — and  violet  6B — a  very  blue  shade. 

18.  Varnish  Paints. — These  can  be  made  by  simply  adding 
colour  to  any  of  the  varnishes  described  above.    It  will,  th(?re- 
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fore,  scarcely  be  necessary  to  give  recipes  in  detail  for  the  pre- 
paration of  these ;  a  few  notes  about  them  and  the  colours  to  be 
used  will  suffice.  This  class  of  varnishes  may  be  classed  into  two 
divisions — Ist,  those  which  dry  with  a  more  or  less  opaque  surface 
similar  to  a  paint  but  with  the  lustre  of  a  varnish;  2nd,  those 
which  dry  with  a  transparent  lustrous  surface.  The  former, 
perhaps,  may  be  called  varnish  paints;  the  latter,  varnish  stains. 
Varnish  paints  owe  their  colour  to  opaque  pigments,  such  as 
vermilion,  Prussian  blue,  emerald  green,  chrome  yellow,  &c. 
There  is  no  difficulty  in  making  these;  simply  adding  a  required 
colour  or  pigment  in  sufficient  quantity  to  any  varnish  is  all 
that  is  necessary.  It  will  be  found  advisable  to  use  those  pig- 
ments which  are  the  lightest  in  weight;  heavy  pigments  like 
vermilion,  red  lead,  barytes  have  too  much  tendency  to  settle  out 
from  the  varnish  to  work  satisfactory.  Some  cheap  varnish 
paints  are  made  from  rosin  spirit,  rosin  and  pigment.  Yarnish 
stains  owe  their  colour  to  colouring  matters  which  are  soluble  in 
the  varnish.  A  great  variety  of  soluble  colours,  of  both  natural 
and  artificial  origin,  can  be  used  for  this  purpose.  As  with  the 
varnish  paints  any  required  colour  of  stain  can  be  obtained  by 
simply  adding  the  necessary  colouring  matter,  which,  in  this  case, 
must,  however,  be  soluble  in  the  spirit,  so  that  a  transparent 
coloured  liquor  is  obtained.  Any  of  the  coal-tar  colours  soluble 
in  spirit  may  be  used;  these  have  been  described  above  (p.  487) ; 
turmeric,  annatto,  accroides,  and  other  natural  colours  can  also 
be  used. 

19.  Crystal  Varnisli. — 1  lb.  of  Canada  balsam  is  dissolved 
in  1  pint  of  turps. 

20.  Gold  Varnish. — Shellac,  8  ozs. ;  sandarac,  8  ozs. ;  mastic, 
8  ozs.;  gamboge,  2  ozs.;  dragon's  blood,  1  oz. ;  turmeric,  4  ozs.; 
and  spirit,  1  gallon. 

21.  Black  Leather  Varnish. — Shellac,  12  ozs.;  gum  thus, 
5  ozs. ;  sandarac,  2  ozs. ;  lamp-black,  1  oz. ;  turpentine,  4  ozs. ;  and 
spirit,  f  gallon. 

22.  Common  Red  Varnish. — Rosin,  2|  lbs. ;  coal-tar  naphtha, 
1  gallon;  and  red  oxide  of  iron  sufficient  to  give  the  required 
colour.  By  substituting  other  colours  for  the  red,  various 
coloured  varnishes  may  be  made. 

23.  Furniture  Varnish. —  Shellac,  If  lbs.;  sandarac,  4  ozs.; 
mastic,  4  ozs. ;  and  spirit,  1  gallon. 

24.  Dammar  Varnish. — Dammar,  10  ozs.;  sandarac,  5  ozs.; 
mastic,  1  oz. ;  and  turps,  20  ozs.  Digest  at  a  gentle  heat  until 
dissolved;  if  necessary  add  more  turps  to  bring  down  to  the 
proper  consistency. 
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25.  Black  Varnish. — Asphaltum,  1  lb.;  wax,  1  oz.;  lamp- 
black, I  oz. ;  and  turps,  2  pints. 

26.  Common  Black  Varnish. — Coal-tar  pitch,  1  lb.;  coal-tar, 

2  ozs. ;  boiled  oil,  2  ozs. ;  and  coal-tar  naphtha,  1  gallon.  If  not 
black  enough,  add  sufficient  lamp-black  to  bring  the  colour  up. 

27.  Picture  Varnish. — Sandarac,  2  ozs.;  mastic,  4  ozs.; 
copaiba  balsam,  1  oz. ;  gum  thus,  3  ozs.;  turps,  4  ozs.;  and  spirit, 

3  pints. 

ANALYSIS  OP  SPIRIT  VARNISHES.— The  analysis 
of  spirit  varnishes  is  somewhat  simpler  and  less  difficult  than 
is  the  analysis  of  oil  varnishes  {vide  p.  497),  still  there  are 
difficulties  attending  it.  It  is  not  easy  to  determine  the  char- 
acter of  the  resins  which  have  been  used  in  the  preparation  of 
the  sample  under  examination. 

The  spirit  varnish  to  be  analysed  should  be  placed  in  a  retort 
and  heated  to  about  230°  F.  (110°  C),  when  the  whole  or  nearly 
the  whole  of  the  solvent  used  will  have  distilled  over ;  some- 
times a  higher  temperature  will  be  required,  but  the  experience 
of  the  analyst  will  tell  him  when  this  is  the  case.  An  ex- 
amination of  the  distillate  by  the  usual  methods  will  show  its 
amount  and  character ;  of  course,  alcoholic  preparations  are 
those  most  likely  to  be  met  with. 

An  examination  of  the  residue  in  the  retort  will  give  the 
analyst  some  idea  of  the  resins  which  have  been  used  in  the 
preparation  of  the  varnish  under  examination,  but  it  is  not 
possible  to  give  any  definite  tests  for  different  resins. 

4th.  WATER  VARNISHES. 

This  group  comprises  but  few  and  little  used  varnishes. 

1.  Lac  Water  Varnish. — Shellac,  6  ozs.;  borax,  IJ  ozs.;  and 
water,  1  pint.  Boil  together  until  the  lac  is  dissolved.  If 
bleached  lac  is  used  a  white  varnish  will  be  made ;  if  the  orange 
shellac,  the  varnish  will  have  a  pale  brown  colour.  This  varnish 
makes  a  fair  vehicle  for  water  colours;  it  is  a  good  paper  varnish, 
and  dries  with  a  fair  lustre  and  with  a  hard  coat  which  is  water- 
proof By  adding  any  of  the  soluble  coal-tar  colours  coloured 
varnishes  can  be  made. 

2.  Glazing  Varnish. — Mix  1  pint  of  white  of  egg  with  1 
pint  of  water.  A  little  carbolic  acid  or  salicylic  acid  or,  better, 
thymol  should  be  added  to  preserve  this  varnish.  This  varnish 
or  glaze  dries  with  a  fair  amount  of  lustre.  If,  after  being 
applied,  it  be  placed  in  a  hot  room  to  dry,  the  coat  will  be  made 
more  waterproof.    Dried  albumen  may  be  used  instead  of  the 
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white  of  egg  by  dissolving  1  oz.  in  1  pint  of  water;  only  the 
colour  of  the  glaze  is  not  so  good. 

3.  Glue  Varnish  is  made  by  dissolving  1  lb.  of  good  pale  glue 
in  2  gallons  of  water.  The  colour  of  this  varnish  depends  very 
much  on  the  quality  of  the  glue  used  ;  if  the  best  gelatine,  then 
a  white  varnish  will  be  made;  if  a  brown  glue,  then  a  brown 
varnish.  This  varnish  is  not  very  good  because  of  the  sticky 
coat  it  gives  which  is  not  waterproof;  by  adding  just  before 
using,  a  small  quantity  of  bichromate  of  potassium  (1  oz.  in  2 
gallons),  the  coat  becomes  nearly  waterproof.  It  is  important 
that  the  bichromate  be  added  only  just  before  use,  as  it  would 
act  on  the  varnish  and  cause  it  to  set  into  a  gelatinous  un- 
workable mass.  This  varnish  forms  the  basis  of  some  leather 
varnishes.  A  little  thymol  or  borax  may  be  added  as  a 
preservative. 

4.  Crystal  Water  Varnish. — 1  lb.  of  good  white  gum  arable 
and  1  lb.  of  glucose  are  dissolved  in  3  pints  of  water.  This  dries 
hard,  with  a  gloss. 
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ACCROIDES,  475. 
Acetylene  black,  264. 
Acid  coal-tar  colouring  matters,  281, 
478. 

Adjective  colours,  284,  479. 
Albumen,  471. 
Alcohol,  428. 
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Methyl,  429. 
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Amber,  445. 

,,     varnish,  495,  508. 
American  chrome  yellow,  135. 
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Aniline  black,  264. 
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,,     Colouring  matter  for, 
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ture, 288. 
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Animi,  447. 
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Antimony  orange,  123. 
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,,  ,,        analyses,  126. 
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,,  ,,  composition, 

122. 

,,        properties,  121. 
yellow,  160. 
Antwerp  blue,  221. 


Arsenic  orange,  161. 

,,     yellow,  160. 
Ashburton  umber,  242. 
Asphaltum,  247,  455. 
Assay  and  analysis  of  pigments,  306. 

,,  ,,  ,,  white  lead,  48. 

Assaying  colour  of  pigments,  306. 
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Barium  chrome,  147. 
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Bartlett  lead,  53. 
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Barytes,  76. 

,,       analyses,  80. 

assay  and  analysis,  81. 

,,       composition,  80. 
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Benzine,  424. 
Benzoin,  465. 

,,       Siam,  466. 

,,       Sumatra,  466. 
Benzoline,  424. 
Berlin  blue,  216. 
Bistre,  246. 

Bitumen  of  Judea,  247,  455. 
Black  Japan,  494. 
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,,     leather  varnish,  495. 
,,     pigments,  248. 
,,     varnish,  495. 
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Aniline,  264. 
Animal,  261. 
,,  ,,       analyses,  261. 

Bone,  256. 


510 


INDEX. 


Black,  Bone,  analyses,  260. 
,,     assay,  260. 

composition,  260. 
furnace,  258. 
,,     properties,  260. 
Brunswick,  495. 
Candle,  263. 
Carbon,  256,  25L 
Charcoal,  263. 
Coal,  263. 
Drop,  263. 
Frankfort,  263. 
Gas,  255. 
German,  263. 
Iron,  264. 
Ivory,  261. 

,,      analyses,  261. 
Lamp,  249. 
,,      American,  255. 
,,      analyses,  256. 
, ,      assay  and  analyses,  254 
chambers,  250. 
composition,  256. 
,,      furnace,  256. 

manufacture,  250. 
properties,  256. 
Spontaneous  combus- 
tion of,  256. 
Lead,  263. 
Manganese,  264. 
Prussian,  263. 
Prussiate,  264. 
Tannin,  263. 
Vegetable,  249. 

,,        analyses,  256. 
,,        properties,  256. 
Blanc  fixe,  81. 
Blue,  Antwerp,  22L 
Berlin,  206. 
Bremen,  233. 
Brunswick,  222. 
Cseruleum,  237. 
Chinese,  216,  218. 
Cobalt,  231. 
Lakes,  289,  298,  303. 
Lime,  235. 
Manganese,  238. 
Mountain,  232. 
Paris,  218. 
Paste,  219. 
Pigments,  295. 
Prussian,  216,  219. 
Smalts,  225. 
Soluble,  220. 


Blue,  Ultramarine,  195. 

,,    Verditer,  234. 
Blues,  Cobalt,  225. 

,,     Copper,  232. 
Body  of  pigments,  311. 
Boiled  oil,  389. 

,,     ,,    substitutes,  401. 
Bone  black,  257. 

,,    brown,  246. 
Boron  ultramarine,  215. 
Brazil  wood,  277. 

„  lakes,  271. 

Bremen  blue,  233. 

,,     green,  188. 
Brewster's  theory  of  colour,  5. 
Brighton  green,  192. 
Brilliancy  or  luminosity  of  pigments, 

310. 

British  gum,  470. 

,,     verdigris,  180. 
Brown  lake,  289,  298,  304. 
,,     pigments,  240. 
,,     ultramarine,  216. 
Brown,  Bone,  246. 
,,      Cappagh,  245. 
,,      Manganese,  246. 
,,      Mars,  158. 
,,      Prussian,  246. 
,,      Rubens,  246. 
,,      Ulmin,  247. 
„      Vandyke,  223. 
Brunswick  black,  495. 
„        blue,  222. 
„        green,  166,  173. 
5,  ,,     assay  and  analysis, 

171. 

,,     composition,  170. 
,,  ,,     preparation,  166. 

,,  properties,  170. 

Burnt  sienna,  156. 

,,     umber,  241. 
Button  lac,  463. 


Cadmium  yellow,  162. 

,,       assay  and  analysis, 
164. 

,,       preparation,  163. 
,,  ,,       properties,  164. 

Calcium  sulphate,  82. 
Caledonian  white  lead,  56. 
Canal,  Drying,  336. 
Candle  black,  263. 
Cappagh  brown,  245, 
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Carbon  black,  255. 
Carmine,  267. 

,,       analyses,  268. 
„        preparation,  269. 
,,        properties,  270. 
Carmine  lake,  267,  270. 

orange,  272. 
Carriage  varnish,  493,  500. 
Cassel  earth,  243,  246. 

yellow,  158. 
Cawley's  zinc  white,  71. 
Cawree  gum,  452. 
Charcoal  black,  263. 
Charlton  white,  68. 
China  clay,  89. 

,,        analyses,  91. 

,,        assay  and  analysis,  97. 

,,        composition,  96. 

manufacture,  91. 
„        origin,  89. 
,,        properties,  96. 
works,  92. 
Chinese  blue,  216. 

green,  192. 
lacquer,  483. 
red,  139. 
white,  60. 
wood  oil,  403. 
Chromate  of  copper,  127. 
,,         lead,  130. 
,,         mercury,  127. 
,,         silver,  127. 
Chrome,  Barium,  147. 

green,  171,  174. 

,,     assay  and  analysis, 
176. 

,,     preparations,  174. 
,,     properties,  176. 
lemon,  134,  136,  147. 
orange,  130. 

,,       analyses,  143. 
,,       preparation,  137. 
red,  139. 
,,    analyses,  143. 
,,    preparation,  139. 
scarlet,  137. 

,,       analyses,  143. 
,,       preparation,  139. 
yellow,  129. 

,,       American,  135. 
,,       analyses,  143. 
,,       preparation,  132. 
pure,  133. 
zinc,  143. 


Chromes,  132. 

, ,        Assay  and  analysis  of  lead, 
141. 

,,        Manufacture  of,  131. 
,,        Properties  of  lead,  130, 140. 
Coal  black,  63. 
,,    naphtha,  425. 

,,  -tar  colours,  Acid,  281,  290,  478. 
„        ,,  Adjective,  284. 

„        „  Basic,  279, 289, 477. 

,,  in  lake  making,  278. 

in  varnish  making, 
477. 

,,        ,,  Lakes,  278. 

„        „  Solubility  of,  479. 

,,  -tar  lakes,  278. 

,,  ,,  Acid  colouring  mat- 
ters, 281. 

,,        ,,        Basic  colours,  279. 

,,  „  the  colouring  matter, 
279 

Cobalt  blue,  231. 

,,  ,,  assay  and  analysis,  232. 
,,         „    preparation,  231. 

properties,  232. 
„     blues,  225. 
,,     green,  190. 
Cochineal,  277. 

,,        lakes,  267. 
Colcothar,  113. 
Cologne  brown,  246. 

,,      yellow,  135. 
Colophony,  454. 
Colour,  1,  :m. 

,,     and  hue  in  pigments,  306. 
,,     and  paint  machinery,  322. 
,,     in  coloured  bodies,  4, 
,,     theories,  5. 
Colouring  matters  in  varnishes,  472. 

,»       power  of  pigments,  310. 
Colours,  6. 

,,       Preparation  of,  by  precipi- 
tation, 337. 
,,       Primary,  3,  5. 
,,       Secondary,  6. 
,,       Spectrum,  2. 
,,       Tertiary,  6. 
Cone  grinding  mill,  352. 
Copal,  449. 

,,     Angola,  450. 
,,     Demerara,  451. 
,,      Gaboon,  451. 
,,     Java,  451. 
Loanga,  451. 
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Copal,  Manila,  459. 

„     Pebble,  450. 

,,     Sierra  Leone,  450. 
Copal  picture  varnish,  495. 

,,     varnish,  495. 
Copper  blues,  232. 

,,     properties,  236. 

,,       greens,  176. 
Copperas,  114. 
Corn  oil,  405. 
Cornwall  ochre,  153. 
Covering  power  of  pigments,  311. 
Cowdee  gum,  452. 
Crimson  lake,  270,  289. 
Cyprus  umber,  241. 


Dammar,  456. 

„       Black,  457. 
Rock,  457. 
Sal,  457. 
Singapore,  456. 
Decomposition  of  light,  2. 
Demerara  animi,  451. 

,,       copal,  451. 
Derby  red,  127. 
Derbyshire  ochre,  153. 

,,         umber,  241. 
Dextrin,  470. 
Douglas  green,  192. 
Dragon's  blood,  474. 
Drier,  Oxidised  oil,  438. 
„     Patent,  437. 
,,     Zinc,  438. 
,,     Zumatic,  431. 
Driers,  433. 

,,      in  varnish  making,  472. 
Drop  black,  262. 
Drying  canal,  336. 
oils,  376. 
,,  in  varnish  making,  440. 

,,      pigments,  328. 
stove,  329. 
Durability  of  pigments,  314. 
Dyestuffs,  6. 


Edge-runner  grinding  mills,  346. 
Elemi,  465. 

,,      Brazilian,  465. 

,,      Manila,  465. 

,,      Mauritius,  465. 
Mexican,  465. 


Emerald  green,  182. 

, ,  , ,    assaying  and  analysis, 

185. 

,,  ,,    composition,  184. 

,,  preparation,  182. 

,,  ,,    properties,  182. 

Enamel  white,  Orr's,  68. 
English  umber,  241. 

,,      white,  45. 
Eosines,  291. 
Ethyl  alcohol,  428. 


Fatty  acids,  372. 
Felspar,  90. 
Ferric  oxide,  112. 
Ferrous  oxide,  113. 

,,      sulphate,  436. 
Filter  frame,  342. 

,,     press,  343. 
Filtering,  342. 
Fineness  of  pigments,  319. 
Finish,  438. 

Flatstone  grinding  mills,  349. 

Florentine  lake,  270. 

Freeman's  non-poisonous  white  lead, 

50,  56. 
French  ochre,  154. 

,,     polish,  501. 

,,     white,  56,  59. 
Fustic,  278. 


Gaboon  copal,  451. 

Garnet  lac,  463. 

Gas  black,  256. 

Gelatine,  470. 

German  black,  262. 

Glycerine,  375. 

Gold  size,  494,  496. 

Green  lakes,  275,  289,  299,  303. 

,,  pigments,  166. 
Green,  Bremen,  188. 

„      Brighton,  192. 

,,     Brunswick,  166. 

„     Chinese,  192. 

,,     Chrome,  171. 

,,      Copper,  176. 

,,     Cobalt,  190. 

,,     Douglas,  192. 

„     Emerald,  182. 

,,     Guignet's,  176. 
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Green,  Manganese,  193. 
,,     Mineral,  186. 
,,      Mountain,  186. 

Prussian,  170. 
,,     Rinman's,  190. 
„     Sap,  192. 
„     Scheele's,  180. 
,,     Titanium,  193. 
„     Verditer,  187. 
,,      Victoria,  170. 
„     Zinc,  190,  194. 
Griffith's  zinc  white,  70. 
Grinding  mills,  Cone,  352. 

,,  ,,     Edge-runner,  346. 

J,  ,,     Flatstone,  349. 

„     Roller,  358. 
,,       pigments,  345. 
Guignet's  green,  174. 
Gum  animi,  447. 
,,    accroides,  475. 
,,    arable,  467. 
,,    benzoin,  465. 
,,    copal,  449. 
,,    dammar,  456. 

elemi,  465. 
,,    kauri,  452. 
mastic,  458. 
sandarac,  453. 
,,    thus,  454. 
,,    tragacanth,  469. 

resins,  442. 
,,    running,  484. 
Gypsum,  82. 

,,       assay  and  analysis,  84. 
,,       properties,  83. 


HiEMATITE,  112,  122. 

Hannay's  white  lead,  56. 
Helmholtz's  theory  of  colour,  6. 
Hempseed  oil,  407,  412. 


Imperial  red,  295. 
Indian  red,  1 12. 

,,     yellow,  161. 
Irish  ochre,  153. 
Iron  black,  264. 

,,    oxides,  113. 

„   red,  112. 

,,    sulphates,  436. 
Ivory  black,  261. 

analyses,  261. 


Japan  black,  494. 

,,     lacquer,  481. 
Japanner's  gold  size,  494, 
Jaune,  160. 


Kaolin,  89. 
Kassler  yellow,  158. 
Kauri,  451. 

,,     varnish,  493,  500. 
King's  yellow,  1 60. 
Knight's  zinc  white,  72. 
Kowree,  451. 


Lac,  460. 
„    Button,  463. 
,,    Garnet,  463. 
,,    Seed,  463. 

Shellac,  463. 
,,    Stick,  462. 
Lacquer,  Burmese,  483. 
,,       Chinese,  483. 
,,       Indian,  483. 
,,       Japan,  481. 
Lacquers,  503. 

Lake  colours.  Analyses  of,  276. 
Lake,  Alizarine,  301. 

,,    Barwood,  272. 

„     Black,  263,  299. 

„     Blue,  289,  298,  303. 

,,     Brown,  289,  298,  304. 

,,     Carmine,  270. 

„     Crimson,  270,  289. 

,,     Florentine,  270. 

„     Green,  289,  299,  303. 

,,     Magenta,  289. 

,,     Maroon,  303. 

,,     Naphthylamine,  295. 

„     Orange,  273,  289,  296,  303. 

,,     Paranitraniline,  295. 

,,     Pink,  289. 

,,     Red,  272. 

,,     Scarlet,  271,  293. 

,,     Vienna,  271. 

,,    Violet,  275,  289,  299,  304. 

,,  Yellow,  272,  289,  298,  303. 
Lakes,  265. 

,,      Alizarine,  301. 

,,      Aniline,  278. 

Blue,  289,  298,  303. 

,,      Brazil  wood,  271. 

Brown,  289,  298,  304. 

„      Cochineal,  267. 

33 
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Lakes,  Green,  275. 
,,      Madder,  273. 
„      Maroon,  303. 

Naphthylamine,  295. 

Orange,  296. 
5,      Paranitraniline,  295. 

Red,  267,  272. 
„      Scarlet,  271,  293,  302,  303. 
„      Violet,  275,  289,  299,  303. 

Yellow,  272,  289,  290,  298, 
303. 

Lamp-black,  249. 

American,  255. 
,,         analyses,  256. 

assay  and  analysis,  257. 
,,         Chambers's,  253. 
„         composition,  256. 
,,         furnace,  254. 

manufacture,  250. 
properties,  256. 
Spontaneous  combus- 
tion of,  256. 
Lead  acetate,  434, 
,,    black,  263. 
borate,  434. 
chromate,  129. 
,,    linoleate,  439. 
,,    oxides,  105,  433. 
resineate,  438. 
Lemon  chrome,  134,  136,  147. 
Levigating  grinding  mills,  351. 

tanks,  323. 
Levigation,  322. 
Light  from  coloured  bodies,  3. 
, ,    Decomposition  of,  2. 
„    red,  112. 
Lime  blue,  235. 
Limonite,  112. 
Linseed  oil,  377,  407. 

,,        Absorption   of  oxygen 
by,  385. 
Adulteration  of,  399. 
Boiled,  389. 

,,      properties,  385. 
Boiling,  389,  394. 
Composition  of,  385. 
Extraction  of,  377. 
properties,  385. 
Raw,  388. 
Refining,  371. 
Testing,  400. 
Litharge,  433. 
Lithophone,  75. 
Loanga  copal,  451. 


Logwood,  278. 
Lokao,  192. 


Madder  lakes,  273. 

„       red  lakes,  267,  274. 
Magenta  lake,  186. 
Magnesia  pink,  127. 
Magnesite,  88. 

Magnesium  ultramarine,  216. 
Magnetic  oxide,  114. 
Mahogany  varnish,  501. 
Malachite,  186. 
Manganese  black,  266. 

blue,  238. 
borate,  435. 
brown,  246. 
green,  193. 
linoleate,  438. 
oxalate,  436. 
oxide,  435. 
resinate,  438. 
sulphate,  435. 
Manila  copal,  460. 
Maroon  lakes,  303. 
Mars  brown,  158. 
,,    colours,  157. 
,,    orange,  158. 
,,    red,  158. 
,,    violet,  158. 
„    yellow,  157. 
Marsh's  test  for  arsenic,  186. 
Mastic,  458. 

,,      varnish,  502. 
Menhaden  oil,  407. 
Methyl  alcohol,  429. 
Methylated  spirit,  428. 
Mica,  90. 

Mineral  green,  186. 
„      yellow,  158. 
white,  82. 
Minium,  105. 

Mixability  of  pigments,  319. 
Mixing  mills,  364. 
Montpelier  yellow,  158. 
Mountain  blue,  232. 
,,       green,  186. 


Naples  yellow,  159. 
Naphtha,  Coal-tar,  425. 
„       Shale,  436. 
Wood,  430. 
Naphthylamine  lake,  299, 
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Niger  seed  oil,  407. 

Non -poisonous  white  lead,  56. 

Ochre,  Cornwall,  154. 

Derbyshire,  153. 
,,      French,  154. 

Irish,  153. 
,,      Oxfordshire,  151. 
,,      South  Australian,  154. 
Welsh,  152. 
Ochres,  147. 

,,      assay  and  analysis,  151. 

composition,  151. 
,,      origin,  148. 
,,      preparation,  148. 
,,      properties,  150. 
Oil  crushing,  327. 

,,  extraction,  Anglo-American  sys- 
tem, 382. 
,,        English  system,  377. 
,,  Kauri,  453. 

used  in  pigments,  369. 
,,  varnishes,  Making,  484. 

,,        recipes,  491. 
Oils,  371. 
Oleo-resins,  442. 
Orange  carmine,  273. 
„      chrome,  129,  138. 
,,     lake,  273. 
„      lead,  109,  111. 
,,      pigments,  129. 
Orange,  Antimony,  124. 
,,       Arsenic,  141, 
,,       Mars,  151. 
Orr's  enamel  white,  68. 
Oxford  ochre,  151. 
Oxide  red,  112. 

,,     reds,  analyses,  122. 
,,       ,,     artificial,  114. 
,,       ,,     assay  and  analysis,  121. 
„       ,,    Furnace  for  making,  117. 
,,       ,,    manufacture  from  ochres, 
120. 

,,     manufacture  from  waste 
iron  liquors,  119. 
,,       ,,     Natural,  123. 
,,       ,,     preparation,  114. 
,,     properties,  120. 
Oxides  of  iron,  113. 
Oxidised  oil  driers,  438. 

Paint,  7. 

oils,  371. 


Paint  vehicles,  371. 
Paranitraniline  red  lake,  295. 
Paris  blue,  220. 

,,    white,  85,  89. 
Paste  blue,  219. 
Patent  drier,  437. 

,,     turpentine,  416. 

,,     white  lead,  50. 
Pattinson's  white  lead,  97. 
Pebble  copal,  450. 
Permanence  of  pigments,  314. 

, ,  , ,  Abney  and  Rus- 

sell on,  316. 
Persian  berry,  272,  277. 

,,     red,  139. 
Petroleum  spirit,  424. 
Pigments,  69. 
Pinene,  415. 
Pink  lake,  289. 
Poppy  seed  oil,  401,  407. 
Potassium  ultramarine,  215. 
Precipitates,   Conditions  affecting, 
339. 

Precipitating  colours,  337. 

Plant  for,  .340. 
Preparing  colours  by  precipitation, 
337. 

Primrose  chrome,  129. 
Prussian  black,  263. 

blue,  216,  219. 
„       blues,  assay  and  analysis, 
224. 

„  ,,     properties,  222. 

,,       brown,  246. 
Prussiate  black,  264. 
Pug  mills,  364. 
Purple  oxide,  112,  114,  122. 


Quartz,  89, 
Quercitron,  272,  278. 


Raw  sienna,  148,  157. 

,,    umber,  240. 
Reaction  of  natural  dyewoods,  277. 
Realgar,  161. 
Red  chalk,  122. 

,,   lake,  272. 

„   lakes,  267. 

,,   lead,  105. 

,,     ,,     analysis,  109,  111. 

,,      ,,     assay,  111. 

„     ,,     composition,  109. 
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Red  lead,  Furnaces  for,  105,  106. 
,,      ,,     manufacture,  105. 
,,     properties,  109. 
ochre,  112. 
,,   oxides,  112. 

pigments,  97. 
„   raddle,  112. 
,,   ultramarine,  215. 
Bed,  Mars,  158. 
Reflection  of  light,  4. 
Resinate  of  lead,  438. 

,,        manganese,  438. 
Resins,  441. 

,,      characters,  442. 
,,     classification,  442. 

Ethereal  varnish,  456. 
,,     Gum,  442. 

Oil  varnish,  444. 
„     Oleo,  443. 
,,     Properties  of,  443. 
Spirit  varnish,  460. 
Rinman's  green,  190. 
Roller  grinding  mills,  356. 
Rose  pink,  271. 
Rosin,  405,  454. 
„     oil,  373. 
,,     spirit,  415. 
Rouge,  112,  114,  122. 
Royal  reds,  290. 

yellow,  160. 
Rubens  brown,  246. 


Sandarac,  453. 
Sap  green,  192. 
Satin  white,  84. 
Scarlet,  Antimony,  124. 

Chrome,  129,  137. 

lake,  271,  293. 

red,  112,  114,  122. 
Scarlets  from  coal-tar  colours,  293. 
Sclieele's  green,  180. 

,,  composition,  181. 

preparation,  180. 

,,  properties,  181. 

ScofFern's  white,  59. 
Scotch  fir  seed  oil,  407. 
Seed  lac,  463. 

Selenium  ultramarine,  216. 
Sepia,  244. 

,,     analysis  of,  245. 
Shale  naphtha,  423. 

,,     spirit,  423. 
Shellac,  463. 


Shellac  varnish,  501. 
Sienna,  Burnt,  156. 

„     Raw,  148,  156. 
Siennas,  147. 

,,       assay  and  analysis,  151. 

,,       composition,  151. 

,,       origin,  150. 

,,       preparation,  150. 

,,       properties,  150. 
Sierra  Leone  copal,  450. 
Signal  red,  295. 
Silver  ultramarine,  215. 
Smalts,  225. 

,,     assay  and  analysis,  231. 

,,      composition,  230. 

,,      Furnace  for,  229. 

„     glass,  227. 

„      grinding,  229. 

,,     preparation,  225. 
properties,  230. 
Solid  yellow,  160. 
Soluble  blue,  220. 
South  Australian  ochre,  156. 
Spanish  brown,  122. 

,,      white,  85. 
Spectrum,  2. 

,,        colours,  2. 
Spirits  of  turpentine,  408. 
Stick  lac,  462. 
Strontian  white,  85. 
Sublimed  white  lead,  53. 

,,  ,,        analyses,  56. 

Sulphate  of  lead  pigments,  50,  53,  58. 

„  „  ,,     Testing,  58. 

,,  ,,       preparation,  51. 

,,  ,,       properties,  52. 

,,  white,  59. 

Sulphide  of  zinc  whites,  66. 
Sutcliffe  drying  stove,  334. 
Sylvestrene,  415. 


Tannin  black,  263. 
Terpenes,  414. 
Terra  alba,  82. 

,,    verte,  188. 
Theories  of  colour,  5. 
Titanium  green,  193. 
Tobacco  seed  oil,  407. 
Tung  oil,  403. 
Turmeric,  278. 
Turnbull's  blue,  217. 
Turner's  yellow,  158. 
Turpenteen,  418. 
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Turpentine,  408,  414. 

adulteration,  418. 
American,  408. 
distillation,  411. 
French,  410. 
properties,  417. 
Russian,  414. 
substitutes,  420. 
Turpentyne,  425. 
Turps,  408. 


Ulmin  brown,  247. 
Ultramarine,  195. 

analyses,  211. 
assay  and  analysis,  319. 
Artificial,  197. 
Barium,  215. 
Boron,  215. 
Brown,  216. 
composition,  211. 
constitution,  212. 
derivatives,  214. 
finishing,  208. 
Furnace  for,  201. 
Green,  199. 
Magnesium,  216. 
manufacture,  199. 

by  direct  pro- 
cess, 205. 
by  indirect  pro- 
cess, 199. 
,,    by  wet  process, 
210. 

Natural,  195. 
Potassium,  215. 
properties,  210. 
Red,  215. 
Selenium,  216. 
Silver,  215. 
Soda,  198,  200. 
Sulphate,  198,  199. 
Varieties  of,  197. 
Violet,  214. 

Wet  methods  of  mak- 
ing, 210. 
Yellow,  215. 
Zinc,  215. 
Umber,  112,  240. 

analyses,  241. 
assay  and  analysis,  242. 
Burnt,  241. 
composition,  241. 
Cyprus,  241. 


Umber,  Derbyshire,  241. 
English,  241. 
,,      properties,  241. 
, ,      Raw,  240. 


Vacuum  drying  chamber,  235. 
Vandyke  brown,  243. 

,,  ,,      analysis,  243. 

,,  ,,      properties,  244. 

Varnish  manufacture,  484. 
,,      materials,  440. 
,,      paints,  504. 
,,      pots,  485. 
Varnish,  Amber,  484. 

Black,  495,  505. 
,,       Black  leather,  495,  505. 
,,       Brown  hard  spirit,  502. 
,,       Carriage,  493,  500. 
,,       Church  oak,  493. 
„       Coloured,  503. 

Common  oil,  502. 
,,  ,,      red,  505. 

,,       Copal,  493. 
,,  ,,     Picture,  495. 

,,       Crystal,  505. 
,,  ,,      water,  507. 

,,       Dammar,  503. 
,,       Ebony,  505. 
,,       Elastic  carriage,  492. 
,,       Finishing  coach  body,  492. 
„       Flatting,  492. 

Furniture,  505. 

Glazing  water,  506. 
,,       Glue  water,  510. 
„       Gold,  505. 
,,       Hard  church  oak,  493. 

Hard  drying  coach,  492. 
„       Kauri,  493. 
,,       Lac  water,  506. 
,,       Mahogany,  501. 

Mastic,  502. 
,,       Negative  photograph,  503. 

Oak,  493,  502. 

Oil,  496. 
,,       Pale  copal,  493. 

„    oak,  493. 
, ,       Paper,  506. 
,,       Picture,  506. 

Shellac,  501. 

Walnut,  501. 

White,  51. 

Hard  spirit,  502. 
„     Shellac,  502. 
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Varnishes,  8,  440. 

, ,        Manufacture  of  oil,  484. 
,,  ,,  spirit,  499. 

„  ,,  water,  506. 

„        Natural,  481. 
Oil,  484. 
Vegetable  black,  249. 
Venetian  red,  112. 
Verdigris,  177. 

,,       assay  and  analysis,  180. 
„        British,  180. 

composition,  180. 
,,        distilled,  177. 
,,       properties,  178. 
Verditer,  137,  234. 
Vermilion,  100. 

,,         analysis,  104. 
,,         composition,  100. 
,,         manufacture  by  Dutch, 
101;  Chinese,  102;  Fir- 
menich  and  wet  pro- 
cesses, 103. 
properties,  104. 
Vermilionettes,  290. 
Verona  yellow,  158. 
Victoria  red,  139. 
Vienna  lake,  271. 
Violet  lake,  275,  289,  299,  304. 

,,     ultramarine,  214. 
Violet,  Mars,  158. 


Walnut  oil,  402,  407. 

,,       varnish,  501. 
Weld  seed  oil,  407. 
Welsh  ochre,  152. 
White  lead,  10. 

,,        adulteration,  46. 
„        analyses,  18,  20,  26,  43, 
48. 

,,        analysis,  48. 
,,        assay,  43,  48. 
,,        composition,  43,  48,  55. 
,,        Freeman's  non-poison- 
ous, 56. 

, ,  Hannay 's  Caledonian,  10. 
,,        Manufacture  of — 

Processes — 
„  Bischoff,  36,  46. 

Bottom,  47. 
Brown's,  40. 
„  Brown  &  Young's, 

20. 


White  lead,  Manufacture  of — 
Processes — 
,,  Button  and  Dyer's, 

42. 

,,  Chamber  methods, 

18. 

Charlier,  34. 
„  Condy's,  39. 

,,  Cookson's,  43. 

,,  Cory's,  29. 

,,  Creed's,  19. 

„  Dale  and  Milner's, 

38. 

De    Ferranti  and 
Noad,  47. 
,,  Delafield,  39. 

Dundonald,  37. 
,,  Dutch,  11. 

Theory  of,  15. 
,,  Electric,  47. 

,,  Fourmentin,  32. 

,,  Gardner's,  32. 

,,  German,  19. 

Hatfield,  21. 
„  Kremnitz,  25. 

„  Lewis's,  42. 

,,  Lowe's,  39. 

,,  Luckow,  47. 

,,  Maclvor's,  33. 

„  Martin's,  31,  42. 

Maxwell  Lyte's,  42, 
58. 

„  Milner's,  30. 

,,  Montgomerie's,  35. 

„  Morris's,  22. 

„  Mullin's,  26,  42. 

,,  Ozouf's,  43. 

,,  Pattinson's,  38. 

„  Precipitation,  24, 36, 

37. 

Richardson's,  21. 
,,  Rowan's,  39. 

,^  Rowley's,  35. 

,,  Spence's,  33. 

,,  Thenard's,  25. 

„  Theories  of,  16,  22, 

24,  26,  36. 
,,  Thompson's,  21. 

,,  Torassa's,  41. 

,,  Watt  &  Tebbutt's, 

39. 

,,  Woolrich's,  42. 

,,        Maxwell  Lyte's,  58. 
Non-poisonous,  56. 
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White  lead,  Patent,  50. 

,,        Pattinson's,  97. 
Properties,  43. 
Sublimed,  53. 
,,        Wilkinson's,  97. 
White  pigments,  9. 
Whiting,  85. 

,,       assay  and  analysis,  88, 
,,       composition,  87. 
,,       properties,  87. 
Wilkinson's  blue,  216. 

,,        white  lead,  97. 
Wood  spirit,  430. 


Yellow  lake,  272,  289. 

lakes,  272,  298,  303. 
,,      ochre,  112. 
,,      pigments,  129. 
,,      ultramarine,  215. 
Yellow,  Antimony,  160. 
,,      Arsenic,  160. 
,,      Cadmium,  162, 
„      Cassel,  168. 
„      Chrome,  129. 

Indian,  161. 
,,  Kassel,  158. 
„      King's,  160. 

Mars,  158. 

Mineral,  158. 


Yellow,  Montpelier,  158. 
Naples,  158. 
Royal,  160. 
Solid,  160. 
Turner's,  158. 
Zinc,  143. 
Young's  theory  of  colours,  6. 


ZiNO  chrome,  143  ;  analysis,  146. 
,,        ,,      preparation,  143. 
,,  processes    by  Clarke 

and  by  Murdoch, 
145. 

properties,  146. 
drier,  438. 
green,  190,  194. 
oxide,  59,  436 ;  as  drier,  436. 
sulphate,  436. 
sulphide,  66. 

,,      whites,  75. 
ultramarine,  215. 
white,  9,  60,  64. 

Griffith's,  70. 
Knight's,  72. 
manufacture,  60,  63. 
Orr's,  68. 
properties,  64. 
Zumatio  drier,  437. 
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AN  INTRODUCTION  TO 

THE  DESIGN  OE  EEiLMS^ 

GIRDERS,  AND  COLUMNS 
IN  MACHINES  AND  STRUCTURES. 

With  Examples  in  Graphic  Statics. 

By  WILLIAM  H.  ATHERTON,  M.Sc,  M.LMech.E. 

'*A  very  useful  source  of  information.  ...  A  work  which  we  commend  very 
highly:'— Nature. 


Fourth  Edition,   Thoroughly  Revised,    Royal  Svo,    With  numerous. 
Illustrations  and  13  Lithos^raphic  Plates,    Handsome  Cloth, 

A   PRACTICAL   TREATISE  ON 

BRIDGE-CONSTRUCTION: 

Being  a  Text-Book  on  the  Construction  of  Bridges  in  Iron  and  Steel. 
FOR  THE  USE  OF  STUDENTS,  DRAUGHTSMEN,  AND  ENGINEERS. 
By  T.  CLAXTON    FIDLER,  M.  Inst.  C.E., 

Prof,  of  Engineering,  University  College,  Dundee. 

"The  new  edition  of  Mr.  Fidler's  work  will  again  occupy  the  same  conspicuous:* 
POSITION  among  professional  text-books  and  treatises  as  has  been  accorded  to  its  pre- 
decessors.   Sound,  SIMPLE,  AND  FULL." — The  Engineer. 


In  Medium  %vo,    Fp,  i-xv  +  248,  fiilly  Illustrated.    Price  \os.  6d,  net. 

CONSTRUCTIONAL  STEELWORK ; 

Being  Notes  on  the  Practical  Aspect  and  the  Principles  of  Design,  together, 
with  an  Account  of  the  Present  Methods  and  Tools  of  Manufacture. 

By  a.  W.  FARNSWORTH, 

Associate  Member  of  the  Institute  of  Mechanical  Engineers. 

"A  worthy  volume,  which  will  be  found  of  much  assistance-  ...  A  book  oU 
particular  value." — Practical  Engineer. 
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In  Large  8vo.    Handsome  Cloth,  Gilt,  Uniform  with  Stability  of  Ships 
and  Steel  Ships  (pp.  37,  38).     With  34  Folding  Plates  and  468 
Illustrations  in  the  Text.    30s.  net. 

The  Principles  and  Practice  of 

DOCK  ENGINEERING. 

By  BEYSSON  CUNNINGHAM. 

GENERAL  CONTENTS. 

Historical  and  Discursive. — Dock  Design. — Constructive  Appliances. — 
Materials, — Dock  and  Quay  Walls. — Entrance  Passages  and  Locks. — 
Jetties,  Wharves,  and  Piers. — Dock  Gates  and  Caissons. — Transit  Sheds 
&nd  Warehouses.  —  Dock  Bridges.  —  Graving  and  Repairing  Docks.  — 
Working  Equipment  of  Docks. — Index. 

"We  have  never  seen  a  more  profusely-illustrated  treatise.   It  is  a  most  important 
■standard  work,  and  should  be  in  the  hands  of  all  dock  and  harbour  engineers." — Steamship. 
"  Will  be  of  the  greatest  service  to  the  expert  as  a  book  of  reference." — Engineer. 


In  Large  8vo.   With  Folding  Plates  and  Numerous  Illustrations.   16s.  net. 
A  COMPANION  VOLUME  TO  "DOCK  ENGINEERING." 
THE  PRINCIPLES  AND  PRACTICE  OF 

HARBOUR  ENGINEERING. 

By    BRYSSON  CUNNINGHAM. 

Contents.  —  Introductory.  —  Harbour  Design.  —  Surveying,  Marine  and 
'Submarine. — Piling. — Stone,  Natural  and  Artiticial. — Breakwater  Design. — 
Breakwater  Construction.  —  Pierheads,  Quays,  and  Landing  Stages.  — 
Entrance  Channels. — Channel  Demarcation. —Index. 

'*  The  best  and  most  complete  book  we  have  seen  on  the  subject." — Steamship. 
"This  is  a  standard  work   .    .    .    sure  to  prove  a  valuable  book  of  reference." — 
■Shipping  World. 


In  Large  Crown  8vo.    Handsome  Cloth.    4s.  6d.  net. 

THE  THERMO-DYNAMIC  PRINCIPLES  OF 
ENGINE  DESIGN. 

By  LIONEL  M.   HO  BBS, 

Engineer-Lieutenant,  R.N.;  Instructor  in  Applied  Mechanics  and  Marine  Engine 
Design  at  the  Royal  Naval  College,  Greenwich. 

Contents.  —  Laws  and  Principles  of  Thermo-Dynamics.  —  Hot- Air 
Engines.— Gas  and  Oil  Engines.— Refrigerating  Machines.— Transmission 
of  Power  by  Compressed  Air.— The  Steam  Engine.— Unresisted  Expansion 
and  Flow  through  Orifices. — Flow  of  Gases  along  Pipes. — Steam  Injectors 
and  Ejectors. — Steam  Turbines.  —  Appendices. — Index. 

"Serves  its  purpose  admirably  .  .  .  should  prove  of  invaluable  service  .  .  .  well 
x\X>-to-d&te. "—Shippmg  World. 
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In  Handsome  Cloth.    With  252  lUustrations.    15s.  net. 

THE  THEORY  OF  THE  STEAM  TURBINE. 

A  Treatise  on  the  Principles  of  Construction  of  the  Steam  Turbine, 
with  Historical  Notes  on  its  Development. 

By  ALEXANDER  JUDE. 

Contents —Fundamental.  — Historical  Notes  on  Turbines. — The  Velocity  of  Steam. — 
Types  of  Steam  Turbines. — Practical  Turbines. — The  Efficiency  of  Turbines,  Type  I. — 
Trajectory  of  the  Steam. — Efficiency  of  Turbines,  Types  II.,  III.  and  IV. — Turbine  Vanes. — 
Disc  and  Vane  Friction  in  Turbines. — Specific  Heat  of  Superheated  Steam. — Strength, 
of  Rotating  Discs. —  Governing  Steam  Turbines. — Steam  Consumption  of  Turbines. — The 
Whirling  of  Shafts. — Speed  of  Turbines. — Index. 

'*  One  of  the  latest  text-books  .  .  .  also  one  of  the  best  .  .  .  there  is  absolutely 
no  padding." — Sir  William  White  in  the  Times  Engineering  Supplement. 


In  Large  Crown  8vo.    Handsome  Cloth.    With  131  Illustrations.   6s.  net. 

LECTURES  ON  THE  MARINE  STEAM  TURBINE. 

By  Prof.  J.  HARVARD  BILES,  M.Inst.N.A., 

Professor  of  Naval  Architecture  in  the  University  of  Glasgow. 
•'This  is  the  best  popular  work  on  the  marine  steam  turbine  which  has  yet  appeared."— 
Steamship.   

Works  by  BRYAN  DONKIN,  M.Inst.C.E.,  M.Inst.Meeh.E.,  &c. 

Fourth  Edition,  Revised  and  Enlarged.    With  additional  Illustrations. 
Large  8vo,  Handsome  Cloth.    25s.  net. 

A   TEXT-BOOK  ON 

GAS,  OIL,  AND  AIR  ENGINES. 

By  BRYAN  DONKIN,  M.Inst.C.E.,  M.Inst.Mech.E. 

Contents. — Part  I. — Gas  Engines  :  General  Description  of  Action  and  Parts. — 
Heat  Cycles  and  Classification  of  Gas  Engines. — History  of  the  Gas  Engine. — The 
Atkinson,  Griffin,  and  Stockport  Engines. — The  Otto  Gas  Engine. — Modern  British  Gas 
Engines. — Modern  French  Gas  Engines. — German  Gas  Engines. — Gas  Production  for 
Motive  Power. — Utilisation  of  Blast-furnace  and  Coke-oven  Gases  for  Power. — The  Theory 
of  the  Gas  Engine. — Chemical  Composition  of  Gas  in  an  Engine  Cylinder. — Utilisation  of 
Heat  in  a  Gas  Engine. — Explosion  and  Combustion  in  a  Gas  Engine. — Part  II. — 
Petroleum  Engines  :  The  Discovery,  Utilisation,  and  Properties  of  Oil.— Method  of 
Treating  Oil. — Carburators. — Early  Oil  Engines. — Practical  Apphcation  of  Gas  and  Oil 
Engines. — Part  III. — AiP  Engines. — Appendices. — Index. 

"The  best  book  now  published  on  Gas,  Oil,  and  Air  Engines." — Engiiieer. 


In  Quarto,  Handsome  Cloth.    With  Numerous  Plates.  25s. 

THE  HEAT  EFFICIENCY  OF  STEAM  BOILERS 

(LAND,  MARINE,  AND  LOCOMOTIVE). 

By  BRYAN  DONKIN,  M.Inst.C.E. 

General  Contents. — Classification  of  Different  Types  of  Boilers. — 425  Experiments  on 
English  and  Foreign  Boilers  with  their  Heat  Efficiencies  shown  in  Fifty  Tables. — Fire 
Grates  of  Various  Types. — Mechanical  Stokers. — Combustion  of  Fuel  in  Boilers. — Trans- 
mission of  Heat  through  Boiler  Plates,  and  their  Temperature. — Feed  Water  Heaters, 
Superheaters,  Feed  Pumps,  &c. — Smoke  and  its  Prevention. — Instruments  used  in  Testing. 
Boilers. — Marine  and  Locomotive  Boilers. —  Fuel  Testing  Stations. — Discussion  of  the  Trials 
and  Conclusions.— On  the  Choice  of  a  Boiler,  and  Testing  of  Land,  Marine,  and  Locomotive- 
Boilers. — Appendices. — Bibliography. — Index. 

"  Probably  the  most  exhaustive  resume  that  has  ever  been  collected.  A  practical 
Book  by  a  thoroughly  practical  ma.n," — Iron  and  Coal  Trades  Review, 
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Fourth  Edition,  Revised.    Pocket-Size,  Leather,  12s.  6d. 

BOILERS,  MARINE  AND  LAND: 

THEIR  CONSTRUCTION  AND  STRENGTH. 

A  Handbook  of  Rules,  Formula,  Tables,  &o.,  relative  to  Materials,. 
Scantlings,  and  Pressures,  Safety  Valves,  Springs, 
Fittings  and  Mountings,  &o. 
FOR  THE  USE  OF  ENGINEERS,  SURVEYORS,  BOILER-MAKERS, 
AND  STEAM  USERS. 

By  T.  W.  THAILL,  M.  Inst.  0.  E.,  F.  E.  K  N., 

Late  Engineer  Surveyor-in-Chief  to  the  Board  of  Trade. 
"  Contains  an  Enormous  Quantity  op  Information  arrranged  in  a  very  convenient  form.  .  . 
A  MOST  USEFUL  VOLUME   .    .   .   supplying  information  to  be  had  nowhere  e\Be."—The  Engineer.. 


Fifth  Edition.     Large  Crown  8vo.     With  numerous 
Illustrations.   6s.  net. 

ENGINE-ROOM    PRACTICE : 

A  Handbook  for  Engineers  and  Officers  in  the  Royal  Navy  and  Mercantile 
Marine,  including  the  Management  of  the  Main  and  Auxiliary 
Engines  on  Board  Ship. 

By  JOH^T  a.  LIYERSIDGE,  R.N.,  A.M.LC.E. 

Contents.— Genera.!  Description  of  Marine  Machinery.— The  Conditions  of  Service  and 
Duties  of  Engineers  of  the  Royal  Navy.— Entry  and  Conditions  of  Service  of  Engineers  of 
the  Leading  S.S.  Companies.— Raising  Steam.— Duties  of  a  Steaming  Watch  on  Engines 
and  Boilers. — Shutting  off  Steam. — Harbour  Duties  and  Watches.— Adjustments  and 
Repairs  of  Engines.— Preservation  and  Repairs  of  "Tank"  Boilers.— The  Hnll  nnd  its 
Fittings.— Cleaning  and  Painting  Machinery.— Reciprocating  Pumps,  Feed  Heaters,  and 
Automatic  Feed  -  Water  Regulators.  —  Evaporators.  —  Steam  Boats.  —  Electric  Light 
Machinery. — Hydraulic  Machinery.— Air-Compressing  Pumps.— Refrigerating  Machines 
—Machinery  of  Destroyers.— The  Management  of  Water-Tube  Boilers.— Regulations  for 
Entry  of  Assistant  Engineers,  R.N.— Questions  given  in  Examinations  for  Promotion  of 
JSngineers,  R.N.— Regulations  respecting  Board  of  Trade  Examinations  for  Engineers,  &c. 

"  This  VEBT  USEFUL  BOOK.  .  .  .  ILLUSTRATIONS  are  of  GREAT  IMPORTANCE  in  a  work 
of  this  kind,  and  it  is  satisfactory  to  find  that  special  attention  has  been  given  in  this> 
respect."— JEngineers'  Gazette. 

Fifth  Edition,  Thoroughly  Revised  and  Greatly  Enlarged. 
With  Numerous  Illustrations.    Price  10s.  6d. 

VALVES  AND  VALVE - GEARING  : 

A  Practical  Text-book  for  the  use  of  Engineers,  Draughtsmen,  and  Students. 
By  CHARLES  HURST,  Practical  Draughtsman. 

Part  I.— Steam  Engine  Valves.  PART  III.— Air  Compressor  Valves  and 

Part  II.— Gas  Engine  Valves   and  Gearing. 

Gears.  Part  IV.— Pump  Valves. 

"Mb.  Hurst's  valves  and  valve-gearing  will  prove  a  very  valuable  aid,  and  tend  to  the 
production  of  Engines  of  SCIENTIFIC  design  and  economical  WORKING,  .  .  .  Will  be  largely 
sought  after  by  Students  and  Designers." — Marine  Engineer. 

"  As  a  practical  treatise  on  the  subject,  the  book  stands  without  a  xiNQ.V— MechanicaF 
World.  


Hints  on  Steam  Engrine  Desig^n  and  Construction.  By  Charles 
Hurst,  "Author  of  Valves  and  Valve  Gearing."  Second  Edition^ 
Revised.  In  Paper  Boards,  8vo.,  Cloth  Back.  Illustrated.  Price 
Is.  6d.  net. 

Contents.— I.  Steam  Pipes.— II.  Valves.— III.  Cylinders.— IV.  Air  Pumps  and  Con- 
densers.—V,  Motion  Work.— VI.  Crank  Shafts  and  Pedestals.— VII.  Valve  Gear.— VIII- 
Lubrication.— IX.  Miscellaneous  Details —Index. 

"  A  handy  volume  which  every  practical  young  engineer  should  possess."— T'/ie  Modei 
Engineer.  
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Second  Edition,  Revised.     With  numerous  Plates  reduced  from 
Working  Drawings  and  280  Illustrations  in  the  Text.  21s. 

A    MANUAL  OF 

LOCOMOTIVE  ENGINEERING! 

A  Practical  Text-Book  fop  the  Use  of  Engine  Builders, 
Designers  and  Draughtsmen,  Railway 
Engineers,  and  Students. 

By  WILLIAM  FKANK  PETTIGREW,  M.Inst.C.E. 
With  a  Section  on  American  and  Continental  Engines. 
By  ALBEET  F.  RAYENSHEAR,  B.Sc, 

Of  His  Majesty's  Patent  Office. 

Con<m^s.  —  Historical  Introduction,  1763-1863. —  Modern  Locomotives:  Simple.— 
Modern  Locomotives :  Compound.  -  Primary  Consideration  in  Locomotive  Design.  — 
Cylinders,  Steam  Chests,  and  Stuffing  Boxes.— Pistons,  Piston  Rods,  Crossheads,  and 
Slide  Bars.— Connecting  and  Coupling  Rods.— Wheels  and  Axles,  Axle  Boxes,  Hornblocka, 
:and  Bearing  Springs.— Balancing.— Valve  Gear.— Slide  Valves  and  Valve  Gear  Details.— 
Framing,  Bogies  and  Axle  Trucks,  Radial  Axle  Boxes.— Boilers.— Smokebox,  Blast  Pipe, 
Firebox  Fittings.— Boiler  Mountings.— Tenders.-  Railway  Brakes.  — Lubrication.— Con- 
sumption of  Fuel,  Evaporation  and  Engine  Efficiency.— American  Locomotives.— Con- 
tinental Locomotives. — Repairs,  Running,  Inspection,  and  Renewals.- Three  Appendices, 
—Index. 

"The  work  contains  all  that  can  be  learnt  from  a  book  upon  such  a  subject.  It 
will  at  once  rank  as  the  standard  work  upon  this  important  subject."— Railway  Magazine, 


In  Large  8vo.    Fully  Illustrated.    8s.  6d.  net. 

LOCOMOTIVE  COMPOUNDING  AND  SUPERHEATING. 

By  J.   ¥.  GAIRNS. 

Contents. — Introductory. — Compounding  and  Superheating  for  Locomotives. — A 
Classification  of  Compound  Systems  for  Locomotives. — The  History  and  Development  of 
the  Compound  Locomotive.  —  Two-Cylinder  Non-Automatic  Systems. —Two-Cylinder 
Automatic  Systems. — Other  Two-Cylindei-  Systems.— Three-Cylinder  Systems. — Four- 
Cylinder  Tandem  Systems. — Four-Cylinder  Two-Crank  Systems  (other  than  Tandem). — 
Four-Cylinder  Balanced  Systems.— Four-Cylinder  Divided  and  Balanced  Systems.— 
Articulated  Compound  Engines. — Triple-Expansion  Locomotives.— Compound  Rack 
Locomotives.— Concluding  Remarks  Concerning  Compound  Locomotives. — The  Use  of 
Superheated  Steam  for  Locomotives. — Index. 

"A  welcome  addition  to  the  library  of  the  railway  engineer." — Engineering  Times. 


In  Large  Svo.    Handsome  Cloth,    With  Plates  and  Illustrations,  16s, 

L  I  O  U  T  RAILWAYS 

AT  HOME  AND  ABROAD. 

By  WILLIAM  HENRY  OGLE,  M.Inst.C.E., 

Late  Deputy-Manager,  North-Western  Railway,  India. 
Cow^ewis.— Discussion  of  the  Term  *' Light  Railways."— English  Railways, 
Rates,  and  Farmers.  —  Light  Railways  in  Belgium,  France,  Italy,  other 
European  Countries,  America  and  the  Colonies,  India,  Ireland. — Road  Trans- 
port as  an  alternative. — The  Light  Railways  Act,  1896. — The  Question  of 
•Grange. — Construction  and  Working. — Locomotives  and  Rolling- Stock. — Light 
Railways  in  England,  Scotland,  and  Wales. — Appendices  and  Index. 

"  Will  remain,  for  some  time  yet  a  Standard  Work  in  everything  relating  to  Light 
Railways."— ^'wgrmeer. 

"  The  whole  subject  is  exhaustively  and  practically  considered.  The  work  can  be 
cordially  recommended  as  indispensable  to  those  whose  duty  it  is  to  become  acquainted 
with  one  of  the  prime  necessities  of  the  immediate  future." — RaiJwav  Of}>cial  Gazette  
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In  Crown  8vo.    Handsome  Cloth.    Fully  Illustrated.    6s.  net. 

PRACTICAL  CALCULATIONS  FOR  ENGINEERS. 

By    CHARLES    E.  LARARD, 

A.M.Inst.C.E.,  M.I.Mech.E.,  Wli.Exli., 
Head  of  the  Mechanical  Engineering  Department  at  the  Northampton  Institute,  London,  E.G. 

And   H.    a.    GOLD  I  KG,  A.M.LMech.E. 

Contents.— Section  I.— Contracted  Methods  of  Calculation.— Technical  Mensura- 
tion.—Practical  Calculation  by  Logarithms.— The  Slide  Rule  and  its  Applications.— 
Squared  Paper  and  its  Uses.  Section  II.— Pulleys  and  Wheels  in  Train.— Speed  Katios 
and  Practical  Examples.— Principle  of  Moments  Applied  to  Practical  Problems.— Work 
and  Power.— Energy  and  Speed  Fluctuations.— Transmission  of  Work  through  Machines. 
—Friction  and  Efficiency.— Transmission  of  Power.— Shafting.— Motion  on  a  Circle.— 
Momentum,  Acceleration,  and  Force  Action.  Section  III.— Temperature  Scales.— Units 
of  Heat.— Specific  Heat.— Heat  and  Work.— Heat  Value  of  Fuels.— Heat  Losses  in  Engine 
and  Boiler  Plant.— Properties  of  Steam.— Moisture  and  Dryness  Fraction.— Steam  and 
Fuel  Calculations.— Boiler  Efficiency.— Size  of  Boiler.— Engine  Calculations.— Power, 
Indicated  and  Brake. — Calculations  for  Dimensions.— Steam  Consumption  and  Willans 
Law. — Efficiencies,  Comparative  Costs  of  Power  Production.— Commercial  Efficiency. 
Section  IV. — The  Commercial  side  of  Engineering.— Calculation  of  Weights. — Division 
of  Costs,  Material  and  Labour,  Shop  Charges  and  Establishment  Charges. — Estimates. — 
Profit.— Use  of  Squared  Paper  in  the  Estimating  Department  and  to  the  General 
Management. 

"  Exactly  what  it  should  be  in  order  to  make  it  useful  to  students  and  practitioners  of 
mgineering. " — Manchester  Guardian. 


Sixth  Edition.    Folio,  strongly  half-bound,  21s. 

TRAVERSE    TABLES : 

Computed  to  Four  Places  of  Decimals  for  every  Minute  of  Angle 
up  to  100  of  Distance. 
Pop  the  Use  of  Surveyors  and  Engineers. 

By   RICHARD   LLOYD  GURDEN, 
Authorised  Surveyor  for  the  Governments  of  New  South  Wales  and  Victoria. 

Published  with  the  Concurrence  oj  the  Surveyors- General  for  New  South 
Wales  and  Victoria. 

"Those  who  have  experience  m  exact  Survky-work  will  best  know  how  to  appreciate 
the  enormous  amount  of  labour  represented  by  this  valuable  book.  The  computations 
enable  the  user  to  ascertain  the  sines  and  cosines  for  a  distance  of  twelve  miles  to  within 
half  an  inch,  and  this  by  referench  to  but  One  Table,  in  place  ot  the  usual  Fifteen 
minute  computations  required.  This  alone  is  evidence  of  the  assistance  which  the  Tables 
ensure  to  every  user,  and  as  every  Surveyor  in  active  practice  has  felt  the  want  of  such 
-assistance   few  knowing   of   their   publication  will  remain  without  thkm." 

— Engineer 


Strongly  Bound  in  Super  Royal  8vo.     Cloth  Boards.     7s.  6d.  net. 


For  Calculating  Wages  on  the  Bonus  or  Premium  Systems. 

For  Engineering,  Technical  and  Allied  Trades. 
By  henry  a.  GOLDIKG,  A.M.LMech.E., 

Technical  Assistant  to  Messrs.  Bryan  Donkin  and  Clench,  Ltd.,  and  Assistant  Lecturer 
in  Mechanical  Engineering  at  the  Northampton  Institute,  London,  E.C. 

"Cannot  fail  to  prove  practically  serviceable  to  those  for  whom  they  have  been 
designed."— ^cofsman. 
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Second  Edition.    Large  8vo,  Handsome  Cloth.  With 
Illustrations,  Tables,  &c.    21s.  net. 

Lubrication  &  Lubricants: 

A  Treatise  on  the  Theory  and  Practice  of  Lubrication,  and  on  the 
Nature,  Properties,  and  Testing  of  Lubricants. 

BY  AND 

LEONARD  ARCHBUTT,  F.I.C.,  F.O.S.,  R.  M.  DEELEY,  M.LMech.E.,  F.G.S,. 

Chemist  to  the  Mid.  Ry.  Co.  Chief  Loco.  Super,,  Mid.  Ry.  Co. 

Contents.— I.  Eriction  of  Solids.— II.  Liquid  Friction  or  Viscosity,  and  Plastic 
Friction.— III.  Superficial  Tension.— IV.  The  Theory  of  Lubrication.— V.  Lubricants, 
their  Sources,  Preparation,  and  Properties.— VI.  Physical  Properties  and  Methods  of 
Examination  of  Lubricants. — VII.  Chemical  Properties  and  Methods  of  Examination 
of  Lubricants. — VIII.  The  Systematic  Testing  of  Lubricants  by  Physical  and  Chemical 
Methods. — IX.  The  Mechanical  Testing  of  Lubricants. — X.  The  Design  and  Lubrication 
of  Bearings.— XI.  The  Lubrication  of  Machinery.— Index. 

"  Contains  practically  all  that  is  known  on  the  subject.  Deserves  the  careful 
attention  of  all  'EngineeTs."— Railway  Official  Gazette. 


Fourth  Edition.    Very  fully  Illustrated,    Cloth,  4s.  6ci. 

STEAM  -  BOI  LE  RS; 

THEIR  DEFECTS,  MANAGEIVTENT,  AND  CONSTRUCTION, 
By   R   D.  MUNRO, 

Chief  Engineer  of  the  Scottish  Boiler  Insurance  and  Engine  Inspection  Company , 
"  A  valuable  companion  for  workmen  and  engmeers  engaged  about  Steam  Boilers,  oughn- 
to  be  carefully  studied,  and  always  at  hand." — Coll.  Guardian. 


By  the  same  Author. 

KITCHEN   BOILER  EXPLOSIONS:  Why 

they  Occur,  and  How  to  Prevent  their  Occurrence.  A  Practical  Handbook 
based  on  Actual  Experiment.     With  Diagram  and  Coloured  Plate.  3s. 

In  Crown  Svo,  Cloth,    Fully  Illustrated.    55.  net. 

EMERY  GRINDING  MACHINERY. 

A  Text-Book  of  Workshop  Ppaetice  in  General  Tool  Grinding,  and  the 
Design,  Construction,  and  Application  of  the  Machines  Employed. 

By  R.  B.  HODGSON,  A.M. Inst. Mech.E. 

"'Eminently  practical  .  .  .  cannot  fail  to  attract  the  notice  of  the  users  of  this  class  oil' 
machinery,  and  to  meet  with  careful  perusal." — Chem.  Trade lournal. 

Fifth  Edition.    In  Two  Parts,  Published  Separately. 
A  TEXT-BOOK  OF 

Engineering  Drawing  and  Design. 

By  SIDNEY  H.  WELLS,  Wh.Sc,  A.M.I.C.E.,  A.M.I.Mech.E. 
Vol.  L — Practical  Geometry,  Plane,  and  Solid.    4s.  6d. 
Vol.  II. — Machine  and  Engine  Drawing  and  Design.  4f«.  6d. 

With  many  Illustrations,  specially  prepared  for  the  Work,  and  numerous- 

Examples,  for  the  Use  of  Students  in  Technical  Schools  and  Colleges, 

"  A  CAPITAL  TEXT-BOOK,  arranged  on  an  excellent  system,  calculated  to  give  an  intelligent 
grasp  of  the  subject,  and  not  the  mere  faculty  of  mechanical  copying.  .  .  .  Mr.  Wells  showe^ 
now  to  make  complete  woeking-dkawings,  discussing  fully  each  step  in  the  deaign."—ElectrieaP 
Review   
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In  Three  Parts.    Crown  8vo,  Handsome  Cloth.  ^Veiy  Fully  Illustrated. 

MOTOR-CAR  MECHANISM  AND  MANAGEMENT. 

By  W.  POYNTER  ADAMS,  M.Inst.E.E. 
PART  i.— THE  PETROL  CAR.   5s.  net. 

Second  Edition.    With  important  new  Appendix,  illustrating  and  defining  parts 
of  actual  cars  in  use. 

Contents.— Section  I.— The  ISIechanism  of  the  Petkol  Car.— The  Engine.— 
The  Engine  Accessories.— Electrical  Ignition  and  Accessories.— Multiple  Cylinder  Engines. 
—The  Petrol.— The  Chassis  and  Driving  Gear.— Section  II.— The  Management  ok  the 
Petrol  Car. — The  Engine. — The  Engine  Accessories.— Electrical  Ignition. — The  Chassis 
and  Driving  Gear. — General  Management. — Appendix. — Glossary. — Index. 

"Should  be  carefully  studied  b}^  those  who  have  anything  to  do  with  motors." — Auto- 
mobile and  Carriage  Bunders'  Journal . 

PART  XL— ELECTRICAL  AND  PETROL  ELECTRICAL 

MOTOR  CARS.  [Ready  Shortly. 

PART  III.— THE  STEAM  CAR.      [in  Preparation.. 


In  Large  8vo.    Handsome  Cloth.    Very  Fully  Illustrated.    18s.  net, 
A    lYIANUAL  OF 

PETROL  MOTORS  AND  MOTOR-CARS. 

Comprising  the  Designing,  Construction,  and  Working  of  Petrol  Motors. 

By  F.  STRICKLAND. 

General  Contents.— Part  I. :  Engines.— Historical.— Power  Required.— General 
Arrangement  of  Engines. — Ignition. — Carburettors. — Cylinders,  Pistons,  Valves,  &c.— 
Crank  Shafts,  Crank  Chambers,  Cams,  Eunners,  Guides,  &c. — Pumps.  —  Flywheels.— 
Pipe  Arrangements.— Silencers.— Engine  Control,  Balancing. — Motor  Cycle  Engines.— 
Marine  Motors. — Two-Cycle  Motors.— Paraffin  Carburettors. —  Gas  Producers.  Part 
II.:  Cars.— General  Arrangements. — Clutches.  —  Transmission.  —  Differential  Gears.— 
Universal  Joints. — Axles.  —  Springs.  —  Radius  Rods.  —  Brakes.  —  Wheels.  —  Frames.  — 
Steering  Gear. — Radiator.  —  Steps,  Mudguards,  Bonnets,  &c.  —  Lubrication.  —  Ball 
Bearings. — Bodies. — Factors  of  Safety.— Calculations  of  Stresses.— Special  Change  Speed 
Gears. — Special  Cars. — Commercial  Vehicles. — Racing  Cars.— Index. 

"Thoroughly  practical  and  scientific.  .  .  .  We  have  pleasure  in  recommending  it  to  all." 
— Mechanical  Engineer.   


In  Large  Svo.    Cloth.    Fully  Illustrated.    10s.  6d.  net. 

THE   PROBLEM  OF  FLIGHT. 

By  HERBERT  CHATLEY,  B.Sc.(Eng.),  London, 

Lecturer  in  Applied  Mechanics.  Portsmouth  Technical  Institute. 

Contents.— The  Problem  of  Flight  — The  Hehx.  —  The  Aeroplane.  —  The  Aviplaue.— 
Dirigible  Balloons.— Form  and  Fittings  of  the  Airsbip.— Appendices  {The  Possibility  of 
Flight,  Weight,  A  Flexible  Wing,  Iheory  of  Balance,  Bibliography). — Index. 

*'  An  epitome  of  the  knowledge  available  on  the  subject."— >S'co^s«(!«». 


In  Crown  Svo,    Handsome  Cloth.    With  105  Illustrations.    5s.  net. 

MECHANICAL  ENGINEERING 

FOR  BEOIX^N^ERS. 

By  R.  S.  M'LAREN. 

Contents.— Materials.— Bolts  and  Nuts,  Studs,  Set  Screws.— Boilers.— Steam  Raising 
Accessories.— Steam  Pipes  and  Valves.— The  Steam  Engine.— Power  Transmission.— 
Condensing  Plant.— The  Steam  Turbine.— Electricity.— Hydraulic  Machinery.— Gas  and. 
Oil  Engines.— Strength  of  Beams,  and  Useful  Information.— Index. 

"  The  best  of  its  kind  we  have  seen,  and  should  be  in  the  hands  of  every  apprentice. 
— Steamship.  
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WORKS  BY 

ANDREW  JAMIESON,  M.Inst.C.E.,  M.I.E.E.,  F.R.S.E., 

Formerly  Prof essor  of  Electrical  Engineering^  The  Glas.  and  W.  of  Scot,  Tech,  Coll. 


PROFESSOR  JAMIESON'S  ADVANCED  TEXT-BOOKS. 

In  Large  Crown  8w.    Fully  Illustrated. 

STEAM  AND  STEAM-ENGINES,  INCLUDING  TURBINES 

AND  BOILERS.    For  the  Use  of  Engineers  and  for  Students  preparing  • 
for  Examinations.    With  800  pp. ,  over  400  Illustrations,  1 1  Plates,  many 
B.  of  E.,  C.  and  G.,  Questions  and  Answers,  and  all  Inst.  C.E.  Exams, 
on  Theory  of  Heat  Engines,    Fifteenth  Edition,  Revised.    los.  6d. 
"  The  Best  Book  yet  published  for  the  use  of  Students."— 

APPLIED  MECHANICS  &  MECHANICAL  ENGINEERING. 

Including  All  the  Inst,  C.E,  Exams,  in  (i)  Applied  Mechanics; 
(2)  Strength  and  Elasticity  of  Materials ;  (3a)  Theory  of  Structures  ; 
(ii)  Theory  of  Machines ;  Hydraulics.   Also  B.  of  E. ;  C.  and  G.  Questions. 

Vol.  I. — Comprising  568  pages,  300  Illustrations,  and  Questions : 
Part  I.,  The  Principle  of  Work  and  its  Applications;  Part  II.:  Friction, 
Lubrication  of  Bearings,  &c. ;  Different  kinds  of  Gearing  and  their  Appli- 
cations to  Workshop  Tools,  &c.    Sixth  Edition.    8s.  6d. 
'*  Fully  maintains  the  reputation  of  the  Author." — Pract.  Engineer. 

Vol.  II. — Comprising  Parts  III.  to  VL,  with  over  800  pages,  371  Illus- 
trations ;  Motion  and  Energy,  Theory  of  Structures  or  Graphic  Statics ; 
Strength  and   Elasticity  of   Materials  ;    Hydraulics   and  Hydraulic 
Machinery.    Fifth  Edition.    12s.  6d. 
"Well  and  lucidly  written." — The  Engineer. 

***  Each  of  the  above  volumes  is  complete  in  itself  and  sold  separately. 


PROFESSOR  JAMIESON'S  INTRODUCTORY  MANUALS 

Crown  Svo,     With  Illustrations  and  Examination  Papers, 

STEAM  AND  THE  STEAM-ENGINE  (Elementary 

Manual  of).  For  First- Year  Students,  forming  an  Introduction  to  the 
Author's  larger  Work.  Eleventh  Edition,  Revised  and  Enlarged.  3/6. 

"  Should  be  in  the  hands  of  every  engineering  apprentice." — Practical  Engineer, 

MAGNETISM  AND  ELECTRICITY  (Practical  Elementary 

Manual  of).  For  First-Year  Students.  With  Stud.  Inst.C.  E.  and  B.  of  E. 
Exam.  Questions.    Seventh  Edition,  Revised  and  Enlarged.  3/6. 

"  A  thoroughly  trustworthy  Text-book.    Practical  and  clear." — Nature. 

APPLIED    MECHANICS  (Elementary  Manual  of). 

P^or  First- Year  Students.    With  B.  of  E.,  C.  and  G. ;  and  Stud.  Inst.  C.E. 
Questions.    Eighth  Edition,  Revised  and  Greatly  Enlarged.  3/6. 
I'he  work  has  very  high  qualities,  which  may  be  condensed  into  the  one  word 
*  CLEAR.' " — Science  and  Art. 


A  POCKET-BOOK  of  ELECTRICAL  RULES  and  TABLES. 

For  the  Use  of  Electricians  and  Engineers.  By  John  Munro,  C.E., 
and  Prof.  Jamieson.  Pocket  Size.  Leather,  8s.  6d.  Eighteenth 
Edition.  [See  p.  49. 


lONUON:  CHARLES  GRIFFIN  &  CO.,  LIMITED.  EXETER  STREET,  STRAND. 


ENQINEERINO  AND  MECHANICS, 


35 


WORKS  BY  W.  J.  MACQUORN  RANKINE,  LL.D.,  F.R.S. 

Thopougrhly  Revised  by  W.  J.  MILLAR,  C.E. 


A  MANUAL  OF  APPLIED  MECHANICS  :  Comprising  the 

Principles  of  Statics  and  Cinematics,  and  Theory  of  Structures, 
Mechanism,  and  Machines.  With  Numerous  Diagrams.  Crown  8vo, 
Cloth.    Seventeenth  Edition.    12s.  6d. 


A  MANUAL  OF  CIVIL  ENGINEERING :  Comprising  Engin 

eering  Surveys,  Earthwork,  Foundations,  Masonry,  Carpentry,  Metal 
Work,  Koads,  Railways,  Canals,  Rivers,  Waterworks,  Harbours,  &c. 
With  Numerous  Tables  and  Illustrations.  Crown  8vo,  Cloth. 
Twenty-Third  Edition.  16s. 


A  MANUAL  OF  MACHINERY  AND  MILL  WORK  :  Com- 

prising  the  Geometry,  Motions,  Work,  Strength,  Construction,  and 
Objects  of  Machines,  &c.  With  nearly  300  Illustrations.  Crown 
8vo,  Cloth.    Seventh  Edition.    12s.  6d. 


A   MANUAL    OF   THE   STEAM-ENGINE  AND  OTHER 

PRIME  MOVERS.  With  a  Section  on  Gas,  Oil,  and  Am 
Engines,  by  Bryan  Donkin,  M.Inst. C.E.  With  Folding  Plates 
and  Numerous  Illustrations.  Crown  8vo,  Cloth.  Seventeenth 
Edition.    12s.  6d. 


USEFUL  RULES  AND  TABLES :  For  Architects,  Builders, 
Engineers,  Founders,  Mechanics,  Shipbuilders,  Surveyors,  &c.  With 
Appendix  for  the  use  of  Electrical  Engineers.  By  Professor 
Jamieson,  M.Inst  C.E.,  M.I.E.E.    Seventh  Edition.    10s.  6d. 


A  MECHANICAL  TEXT -BOOK:   A  Practical  and  Simple 
Introduction  to  the  Study  of  Mechanics.     By  Professor  Rankine 
and  E.  F.  Bamber,  C.E.     With  Numerous  Illustrations.  Crown 
8vo,  Cloth.    Fifth  Edition.  9s. 
*»*  The  "  Mechanical  Text-Book  "  was  designed  by  Professor  Rankinb  as  an  Intro- 
duction to  the  above  Series  of  Manuals. 


MISCELLANEOUS  SCIENTIFIC  PAPERS.  Part  I.  Tempera- 
ture, Elasticity,  and  Expansion  of  Vapours,  Liquids,  and  Solids. 
Part  II.  Energy  and  its  Transformations.  Part  III.  Wave-Forms, 
Propulsion  of  Vessels,  &g.  With  Memoir  by  Professor  Tait,  M.A. 
With  fine  Portrait  on  Steel,  Plates,  and  Diagrams.  Royal  8vo. 
Cloth.    31s.  6d. 

"No  more  enduring  Memorial  of  Professor  Rankine  could  be  devised  than  the  publica- 
tion of  these  papers  in  an  accessible  form.    ...    The  Collection  is  most  valuable  op 
account  of  the  nature  of  his  discoveries,  and  the  beauty  and  completeness  of  his  analysis. 
-^Architect. 
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Third  Edition,  Thoroughly  Revised  and  Enlarged,    With  60  Plates  and 
Numerous  Illustrations,    Handsome  Cloth,  ^^5, 

HYDRAULIC  POWER 

AND 

HYDRAULIC  MACHINERY. 

BY 

HENRY  ROBINSON,  M.  Inst.  C.E.,  F.G.S., 

FELLOW  OF  king's  COLLKGK,  LONDON;  PROF.  EMERITUS  OF  CIVIL  ENGINEERING, 

king's  college,  etc.,  etc. 

Contents  — Discharge  through  Orifices. — Flow  of  Water  through  Pipes. — Accumulators. 
— Presses  and  Lifts. — Hoists. — Rams. — Hydraulic  Engines. — Pumping  Engines. — Capstans. 
—  Traversers. — Jacks. — Weighing  Machines.  —  Riveters  and  Shop  Tools.  —  Punching, 
Shearing,  and  Flanging  Machines. — Cranes. — Coal  Discharging  Machines. — Drills  and 
'Cutters. — Pile  Drivers,  Excavators,  &c. — Hydraulic  Machinery  applied  to  Bridges,  Dock 
Gates,  Wheels  and  Turbines. — Shields. — Various  Systems  and  Power  Installations  — 
•Meters,  &c. — Index. 

"The  standard  work  on  the  application  of  water  power." — Gassier  s  Magazhte. 


Second  Edition,  Greatly  Enlarged.     With  Frontispiece,  several 
Plates,  and  over  250  Illustrations,    21s.  net, 

THE  PRINCIPLES  AND  CONSTRUCTION  OF 

PUMPING  MACHINERY 

(STEAM  AND  WATER  PRESSURE). 

With  Practical  Illustrations  of  Engines  and  Pumps  applied  to  Mining, 
Town  Water  Supply,  Drainage  of  Lands,  &c.,  also  Economy 
and  Efficiency  Trials  of  Pumping  Machinery. 

By  henry  DAYEY, 

Member  of  the  Institution  of  Civil  Engineers,  Member  of  the  Institution  of 
Mechanical  Engineers,  F.G.S.,  <fec. 

Contents  — Early  History  of  Pumping  Engines — Steam  Pumping  Engines— 
.Pumps  and  Pump  Valves — General  Principles  of  Non-Rotative  Pumping 
Engines — The  Cornish  Engine,  Simple  and  Compound — Types  of  Mining 
Engines — Pit  Work — Shaft  Sinking — Hydraulic  Transmission  of  Power  in 
Mines — Electric  Transmission  of  Power — Valve  Gears  of  Pumping  Engines 
—  W  ater  Pressure  Pumping  Engines  —  Water  Works  Engines  —  Pumping 
Engine  Economy  and  Trials  of  Pumping  Machinery — Centrifugal  and  other 
Low-Lift  Pumps — Hydraulic  Rams,  Pumping  Mains,  &c. — Index. 

"By  the  *one  English  Engineer  who  probably  knows  more  about  Pumping  Machinery 

than  ANT  OTHER.'     ...     A  VOLUME  RECORDING  THE   RESULTS  OF  LONG  EXPERIENCE  AND 

-STUDY." — The  Engineer. 

"  Undoubtedly  THE  best  and  most  praotioal  treatise  on  Pumping  Machinery  that  has 
•^ET  been  published." — Mining  Joumal. 
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At  Press.    In  Large  8vo.    Handsome  Cloth.    Profusely  Illustrated. 
In  Two  Volumes,  Each  Complete  in  itself,  and 
Sold  Separately. 

THE  DESIGN^ 

AND 

CONSTRUCTION  OF  SHIPS. 

By  JOHN  HAKVARD  BILES,  M.Inst.K.A., 

Professor  of  Naval  Architecture  in  Glasgow  University. 

Contents  of  Volume  I.— Part  I. :  General  Considerations.— Methods  of  Determin- 
ation of  the  Volume  and  Centre  of  Gravity  of  a  known  Solid.  —  Graphic  Rules  for 
Integration. — Volumes  and  Centre  of  Gravity  of  Volumes. — Delineation  and  Descriptive 
•Geometry  of  a  Ship's  Form. — Description  and  Instances  of  Ship's  Forms.— Description 
of  Types  of  Ships.  PART  II.  :  Calculation  of  Displacement,  Centre  of  Buoyancy  and 
Areas. — Metacentres. — Trim. — Coefficients  and  Standardising. — Results  of  Ship  Calcula- 
tions.— Instruments  Used  to  Determine  Areas,  Moments,  and  Moments  of  Inertia  of 
Plane  Curves. — Cargo  Capacities. — Effects  on  Draught,  Trim,  and  Initial  Stal)ility  due 
to  Flooding  Compartments.  —  Tonnage.  —  Freeboard.  —  Launching.  —  Application  of  the 
Integraph  to  Ship  Calculations. — Straining  due  to  Unequal  Longitudinal  Distribution 
of  Weight  and  Buoyancy.— Consideration  of  Stresses  in  a  Girder.— Application  of  Stress 
Formulae  to  the  Section  of  a  Ship.— Shearing  Forces  and  Bending  Moments  on  a  Ship 
amongst  Waves. — Stresses  on  the  Structure  when  Inclined  to  the  Upright  or  to  the 
Line  of  Advance  of  the  Waves.  —  Distribution  of  Pressure  on  the  Keel  Blocks  of  a 
Vessel  in  Dry  Dock. — Consideration  of  Compression  in  Ship  Structure. 


BY   PROFESSOR  BILES. 

LECTURES  ON  THE  MARINE  STEAM  TURBINE. 

With  131  Illustrations.     Price  6s.  net. 
See  page  28. 


Royal  8uo,  Handsome  Cloth.    With  numerous  Illustrations  and  Tables.  258. 

THE  STABILITY  OF  SHIPS. 

BY 

SIR  EDWARD  J.  REED,  K.C.B.,  F.R.S.,  M.P., 

KNIGHT  OF  THB   IMPERIAL  ORDERS   OF   ST.  STANILAUS   OF   RUSSIA  J    FRANCIS   JOSBPH  OF 
AUSTRIA  ;    MEDJIDIE   OF   TURKEY ;    AND   RISING   SUN   OF   JAPAN ;  VICE- 
PRESIDENT  OF  THE  INSTITUTION  OF  NAVAL  ARCHITECTS. 

"  Sir  Edward  Reed's  *  Stability  of  Ships  *  is  invaluable.  The  Naval  Architect 
will  find  brought  together  and  ready  to  his  hand,  a  mass  of  information  which  he  would  other- 
wise have  to  seek  in  an  almost  endless  variety  of  publications,  and  some  of  which  he  would 
possibly  not  be  able  to  obtain  at  all  elsewhere."— Steamskt/>. 
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WORKS    BY    THOMAS  WALTOIST, 
NAVAL  ARCHITECT. 


Fourth  Edition.     Illustrated  with  Plates,  Numerous  Diagrams,  and 
Figures  in  the  Text. 

STEEL  SHIPS: 

THEIR   CONSTRUCTION   AND  MAINTENANCE. 

A  Manual  for  Shipbuilders,  Sfiip  Superintendents,  Students, 
and  IViarine  Engineers. 

By  THOMAS  WALTON,  Naval  Architect, 

AUTHOR  OF    **  KNOW   YOUR   OWN  SHIP." 

Contents. — I.  Manufacture  of  Cast  Iron,  Wrought  Iron,  and  Steel. — Com- 
position  of  Iron  and  Steel,  Quality,  Strength,  Tests,  &c.  II.  Classification  of 
Steel  Ships.  III.  Considerations  in  making  choice  of  Type  of  Vessel. — Framing 
of  Ships.  IV.  Strains  experienced  by  Ships. — Methods  of  Computing  and 
Comparing  Strengths  of  Ships.  V.  Construction  of  Ships. — Alternative  Modes- 
of  Construction. — Types  of  Vessels. — Turret,  Self  Trimming,  and  Trunk 
Steamers,  &c. — Rivets  and  Rivetting,  Workmanship.  VI.  Pumping  Arrange- 
ments. VII.  Maintenance. — Prevention  of  Deterioration  in  the  Hulls  of' 
Ships. — Cement,  Paint,  &c.— Index. 

So  thorough  and  well  written  is  every  chapter  in  the  book  that  it  is  difficult  to  select 
any  of  them  as  being  worthy  of  exceptional  praise.  Altogether,  the  work  is  excellent,  and . 
will  prove  of  great  value  to  those  for  whom  it  is  intended."— T'/ie  Engineer. 


In  Handsome  Cloth.    Very  fully  Illustrated.    7s.  6d.  net. 

PRESENT-DAY  SHIPBUILDING. 

For  Shipyard  Students,  Ships^  Officers,  and  Engineers. 
By  THOS.  WALTON. 
General  Contents. — Classification. — Materials  used  in  Shipbuilding. — 
Alternative  Modes  of  Construction. — Details  of  Construction. — Framings 
Plating,  Rivetting,  Stem  Frames,  Twin-Screw  Arrangements,  Water 
Ballast  Arrangements,  Loading  and  Discharging  Gear,  &c. — Types  of 
Vessels,  including  Atlantic  Liners,  Cargo  Steamers,  Oil  carrying  Steamers, 
Turret  and  other  Self  Trimming  Steamers,  &c. — Index. 

"Simple   language    .    .    .    clear   and   easily  followed   illustrations." — 
Engineering  Supplement. 

"  We  heartily  recommend  it  to  all  who  have  to  do  with  ships." — Steamship. 


Ninth  Edition.    Illustrated.    Handsome  Cloth,  Crown  8 vo.    7s.  6d. 

The  Chapters  on  Tonnage  and  Fpeeboapd  have  been  brought  thoroughly 
up  to  date,  and  embody  the  latest  (1906)  Board  of  Trade  Regulations  on 
these  subjects. 

KNOW  YOUR  OWN  SHIP. 

By  THOMAS  WALTON,  Naval  Architect. 
Specially  arranged  to  suit  the  requirements  of  Ships'  Officers,  Shipowners, 
Superintendents,  Draughtsmen,  Engineers,  and  Others, 

Contents.  —  Displacement  and  Deadweight.  —  Moments.  —  Buoyancy.  —  Strain.  — 
Structure.  —  Stability.  —  Rolling.  —  Ballasting.  —  Loading.— Shifting  Cargoes.— Effect  of 
Admission  of  Water  into  Ship. — Trim  Tonnage. — Freeboard  (Load-line). — Calculations. — 
Set  of  Calculations  from  Actual  Drawings.— Index. 

"  The  work  is  of  the  highest  value,  and  all  who  go  down  to  the  sea  in  ships  should  make  them- 
selves acquainted  with  it."— Shipping  World  (on  the  new  edition). 
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GRIFPIN^S  NAUTICAL  SERIES. 

Edited   by    EDW.  BLACKMORE, 
Master  Mariner,  First  Class  Trinity  House  Certificate,  Assoc.  Inst.  N.A. ; 
And  Written,  mainly,  by  Sailors  for  Sailors. 


'•This  admirable  series."— Fairp^av.       •  A  vert  useful  series."— -^^aiur*. 
"Every  Ship  should  have  the  whole  Series  as  a  Reference  Library.  Hand- 
80MELY  BOUND,  CLEARLY  PRINTED  and  ILLUSTRATED."— Liyerpoo^  Journ.  of  Commerce. 


The  British  Mercantile  Marine  :  An  Historical  Sketch  of  ita  Rise 
and  Development.   By  the  Editor,  Capt.  Blackmore.   3s.  6d. 
"  Captain  Blackmore  s  SPLENDID  BOOK   .    .    .    contains  paragraphs  on  every  point 
of  Interest  to  the  Merchant  Marine.   The  243  pages  of  this  hook  are  THE  most  VALU- 
ABLE  to  the  sea  captain  that  have  ever  been  gompilbd."— Merchant  Service  Review. 


Elementary  Seamanship.    By  D.  Wilson-Barker,  Master  Manner, 
F.R.S.E.,  F.R.G.S.   With  numerous  Plates,  two  in  Colours,  and  Frontispiece. 
Fourth  Edition,  Thoroughly  Revised.   With  additional  Illustrations.  6s. 
"This  ADMIRABLE  MANUAL,  by  CAPT.  WiLSON  BARKER,  of  the  'Worcester,'  seema 

to  us  PERFECTLY  DESIGNED."— J. i^en^JBWm. 


Know  Your  Own  Ship  :  A  Simple  Explanation  of  the  Stability,  Con- 
struction, Tonnage,  and  Freeboard  of  Ships.  By  THOS.  Walton,  Naval  Architect. 
NINTH  Edition.  7s.  6d. 

"Mr.  Walton's  book  will  be  found  very  useful."— T^e  Engineer. 


Navigation :  Theoretical  and  Practical.    By  D.  Wilson-Barkbr 

and  William  Allingham.  Second  Edition,  Revised.  3s.  6d. 
"Precisely  the  kind  of  work  required  for  the  New  Certificates  of  competency. 
Candidates  will  find  it  WY ALV able."— Dundee  Advertiser. 


Marine  Meteorology :  For  Officers  of  the  Merchant  Navy.  By 

William  Allingham,  First  Class  Honours,  Navigation,  Science  and  Art  Department. 
With  Illustrations  and  Maps,  and  facsimile  reproduction  of  log  page.   7s.  6d. 
"Quite  the  best  publication  on  this  subject." —Shipping  Gazette. 


Latitude  and  Longitude :  How  to  find  them.  By  W.  J.  Millar, 

C.E.   Second  Edition,  Revised.  2s. 
Cannot  but  prove  an  acquisition  to  those  studying  Navigation."— Jfann«  Engineer. 


Practical  Mechanics  :  Applied  to  the  requirements  of  the  Sailor. 

By  Thos.  Mackenzie,  Master  Mariner,  F.R.A.S.  Third  Edition,  Revised.  3s.  6d. 
"  Well  WORTH  the  money  .   .   .  iikoeedinqjaY  ilelfful."— Shipping  World. 


Trigonometry :  For  the  Young  Sailor,  &c.  By  Rich.  C.  Buck,  of  the 
Thames  Nautical  Training  College,  H.M.S.  "  Worcester."  Third  Edition,  Revised. 
Price  3s.  6d. 

"  This  eminently  practical  and  reliable  volume."— Schoolmaster. 


Practical  Algebra.    By  Rich.  C.  Buck.    Companion  Volume  to  the 

above,  for  Sailors  and  others.   Second  Edition,  Revised.  Price  3s.  6d. 

"  It  is  JUST  the  book  for  the  young  sailor  mindful  of  piogresa."— Nautical  Magazine. 


The  Legal  Duties  of  Shipmasters.  By  Benedict  Wm.  Ginsburo, 

M.A.,  LL.D.,  of  the  Inner  Temple  and  Northern  Circuit;  Barrister-at-Law.  Second 

Edition,  Thoroughly  Revised  and  Enlarged.  Price  4s.  6d.        ,    ^  .  ^ 

"  Invaluable  to  masters.   .   .   .   We  can  fully  recommend  it  —Shipping  OazetU. 


A  Medical  and  Surgical  Help  for  Shipmasters.  Including  First 

Aid  at  Sea.  By  Wm.  Johnson  Smith,  F.R.C.S.,  Principal  Medical  Officer,  Seamen'a 
Hospital,  Greenwich.  Third  Edition,  Thoroughly  Revised.  6s. 
"Sound,  judicious,  really  helpful."— r^e  Lancet. 


LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 


40 


CHARLES  QRIFFIN  dc  GO.'S  PUBLICATIONS. 


GRIFFIN'S  NAUTICAL  SERIES. 


Introductory  Volume.    Price  3s,  6d, 

British  Mercantile  Marine. 

By  EDWARD  BLACKMORE, 

MASTER  MARINER;  ASSOCIATE  OF  THE  INSTITUTION  OF  NAVAL  ARCHITECTS; 
MEMBER  OF  THE  INSTITUTION  OF  ENGINEERS  AND  SHIPBUILDERS 
IN  SCOTLAND;  EDITOR  OF  GRIFFIN'S  "NAUTICAL  SERIES." 

General  Contents.— Historical  :  From  Early  Times  to  1486— Progress 
ander  Henry  VIII. — To  Death  of  Mary — During  Elizabeth's  Keign— Up  to 
the  Reign  of  William  III. — The  18th  and  19th  Centuries — Institution  of 
Examinations  —  Rise  and  Progress  of  Steam  Propulsion  —  Development  of 
Pree  Trade— Shipping  Legislation,  1862  to  1875— "  Locksley  Hall"  Case- 
Shipmasters'  Societies — Loading  of  Ships — Shipping  Legislation,  1884  to  1894 — 
Statistics  of  Shipping.  The  Personnel  :  Shipowners— Officers— Mariners — 
Duties  and  Present  Position.  Education  :  A  Seaman's  Education :  what  it 
should  be— Present  Means  of  Education— Hints.  Discipline  and  Duty— 
Postscript — The  Serious  Decrease  in  the  Number  of  British  Seamen,  a  Matter 
demanding  the  Attention  of  the  Nation. 

"  Interbstinq  and  Instructive  .  .  .  may  be  read  with  profit  and  enjoyment."- 
■^lasgow  Herald. 

"Every  branch  of  the  subject  is  dealt  with  in  a  way  which  shows  that  the  writer 
'knows  the  ropes'  familiarly."— *Sco^sma7^. 

"This  admikable  book  .  .  .  teems  with  useful  information— Should  be  in  the 
•Uiands  of  every  Sailor." — Western  Morning  News. 


Fourth  Edition,  Thoroughly  Revised.    With  Additional 
Illustrations.    Price  6s. 

ELEMENTARY  SEAMANSHIP. 

BT 

O,  WILSON-BARKER,  Master  Mariner;  F.R.S.E.,  F.R.G.S.,  &o.,  &o. 

YOUNGER  BROTHER  OF  THE  TRINITY  HOUSE, 

With  Frontispiece,  Numerous  Plates  (Two  in  Colours),  and  Illustrationa 

in  the  Text. 

General  Contents. — The  Building  of  a  Ship;  Parts  of  Hull,  Masts, 
Ac— Ropes,  Knots,  Splicing,  &c.  —  Gear,  Lead  and  Log,  &c.  —  Rigging, 
Anchors  —  Sailmaking  —  The  Sails,  &c.  —  Handling  of  Boats  under  Sail  — 
Signals  and  Signalling— Rule  of  the  Road— Keeping  and  Relieving  Watch— • 
Points  of  Etiquette— Glossary  of  Sea  Terms  and  Phrases — Index. 

***  The  volume  contains  the  new  rules  of  the  road. 

"  This  ADMIRABLE  MANUAL,  by  Oapt.  Wilson-Barker  of  the  '  Worcester,*  seems  to  ub 
PERFECTLY  DESIGNED,  and  holds  its  place  excellently  in  '  Griffin's  Nautical  Series.'  .  .  . 
Although  intended  for  those  who  are  to  become  Officers  of  the  Merchant  Navy,  it  will  be 
Yound  useful  by  all  yachtsmen."— il<Am«wm. 

%*  For  complete  List  of  Griffin's  Nautical  Series,  see  p.  39. 
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GRIFFIN'S  NAUTICAL  SERIES. 


Second  Edition,  Revised  and  Illustrated.    Price  3s.  6d. 

:tTAViaATIO:N^: 

By  DAVID  WILSON-BARKER,  R.N.R.,  F.R.S.E.,  kc,  ko., 

AND 

WILLIAM  ALLINGHAM, 

FIRST-CLASS  HONOURS,  NAVIGATION,  SCIENCE  AND  ART  DEPARTMENT. 

TIClitb  laumeroua  Jllustratlone  ant)  jEjamination  (Slueetionat 

General  Contents. — Definitions — Latitude  and  Longitude — Instrumente 
of  Navigation — Correction  of  Courses — Plane  Sailing — Traverse  Sailing — Day'B 
Work  —  Parallel  Sailing  —  Middle  Latitude  Sailing  —  Mercator's  Chart— 
Mercator  Sailing — Current  Sailing — Position  by  Bearings — Great  Circle  Sailing 
— The  Tides — Questions — Appendix :  Compass  Error — Numerous  Useful  Hints. 
&c. — Index. 

"  Precisely  the  kind  of  work  required  for  the  New  Certificates  of  competency  in  grades 
from  Second  Mate  to  extra  Master.  .  .  .  Candidates  will  find  it  iNVALU>JBLB."—^Mwd«< 
Advertiser. 

"A  CAPITAL  LITTLE  BOOK  .  .  .  Specially  adapted  to  the  New  Examinations.  The 
Authors  are  Capt.  Wilson-Barker  (Captain-Superintendent  of  the  Nautical  College,  H.M.S. 
*  Worcester,'  who  has  had  great  experience  in  the  highest  problems  of  Navigation),  and 
Mr.  Allingham,  a  well-known  writer  on  the  Science  of  Navigation  and  Nautical  Astronomy." 
—Shipping  World. 


Handsome  Gloth.    Fully  Illustrated.    Price  78.  6d, 

MARINE  METEOROLOGY, 

FOR  OFFICERS  OF  THE  MERCHANT  NAVY. 

By  WILLIAM  ALLINGHAM, 

Joint  Author  of  "Navigation,  Theoretical  and  Practical." 

With  numerous  Plates,  Maps,  Diagrams,  and  Illustrations,  and  a  facsimile 
Reproduction  of  a  Page  from  an  actual  Meteorological  Log-Book. 

SUMMARY  OF  CONTENTS. 

Introductory.— Instruments  Used  at  Sea  for  Meteorological  Purposes.— Meteoro- 
logical  Log-Books.— Atmospheric  Pressure.— Air  Temperatures.— Sea  Temperatures.— 
Winds.— Wind  Force  Scales.— History  of  the  Law  of  Storms.— Hurricanes,  Seasons,  and 
Storm  Tracks.— Solution  of  the  Cyclone  Problem.— Ocean  Currents.— Icebergs.— Syn- 
chronous Charts.— Dew,  Mists,  Fogs,  and  Haze.— Clouds.— Rain,  Snow,  and  Hail.— 
Mirage,  Rainbows,  Coronas,  Halos,  and  Meteors.— Lightning,  Corposants,  and  Auroras.— 
Questions.— Appendix.— Index. 

Quite  the  best  publication,  and  certaimly  the  most  interesting,  on  this  subject  ever 
.presented  to  Nautical  men."— Shipping  Gazette. 

For  Complete  List  of  Griffin's  Nautical  Series,  see  p.  39. 
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GRIFFIN^S  NAUTICAL  SERIES. 

Third  Edition,  Revised.    With  Numerous  Illustrations,    Price  3s.  6d. 

PRACTICAL  MECHANICS; 

Applied  to  the  Requirements  of  the  Sailor. 

By  THOS.  MACKENZIE,  Master  Mariner,  F.R,A,S, 

General  Contents. — Resolution  and  Composition  of  Forces — Work  done 
by  Machines  and  Living  Agents — The  Mechanical  Powers:  The  Lever j 
Derricks  as  Bent  Levers — The  Wheel  and  Axle  :  Windlass  ;  Ship's  Capstan  ; 
Crab  Winch— Tackles :  the  **01d  Man"— The  Inclined  Plane;  the  Screw— 
The  Centre  of  Gravity  of  a  Ship  and  Cargo  —  Relative  Strength  of  Rope  . 
Steel  Wire,  Manilla,  Henap,  Coir — Derricks  and  Shears — Calculation  of  the 
Cross-breaking  Strain  of  Fir  Spar — Centre  of  Effort  of  Sails — Hydrostatics  : 
the  Diving-bell ;  Stability  of  Floating  Bodies  ;  the  Ship's  Pump,  &c. 

"  Well  worth  the  money  .  ,  .  will  be  found  exceedingly  helpful."— 
Shipping  World. 

**  No  Ships'  Oeficers'  bookcase  will  henceforth  be  complete  without 
Captain  Mackenzie's  *  Practical  Mechanics.  '  Notwithstanding  my  man;^ 
years'  experience  at  sea,  it  has  told  me  how  much  more  there  is  to  acquire,'' — 
(Letter  to  the  Publishers  from  a  Master  Mariner). 


WORKS  BY  RICHARD  C.  BUCK, 

of  the  Thames  Nautical  Training  College,  H.M.S.  'Worcester.' 

A  MANUAL  OF  TRIGONOMETRY : 

With  Diagrams,  Examples,  and  Exercises.   Price  Ss.  6cl. 

Third  Edition,  Revised  and  Corrected. 
Mr.  Buck's  Text-Book  has  been  specially  prepared  with  a  view 
to  the  Examinations  of  the  Board  of  Trade,  in  which  Trigonometryv 
is  an  obligatory  subject. 

''This  EMINENTLY  PRACTICAL  and  RELIABLE  VOLUME." — Schoolmaster, 

A  MANUAL  OF  ALGEBRA. 

Designed  to  meet  the  Requirements  of  Sailors  and  others. 
Second  Edition,  Revised.    Price  3s.  6d. 

*^*  These  elementary  works  on  algebra  and  trigonometry  are  written  specially  for 
those  who  will  have  little  opportunity  of  consulting  a  Teacher.  They  are  books  for  "self- 
help."  All  but  the  simplest  explanations  have,  therefore,  been  avoided,  and  answers  t© 
the  Exercises  are  given.  Any  person  may  readily,  by  careful  study,  become  master  of  their 
contents,  and  thus  lay  the  foundation  for  a  further  mathematical  course,  if  desired.  It  is 
hoped  that  to  the  younger  OfQcers  of  our  Mercantile  Marine  they  will  be  found  decidedly 
Berviceable.  The  Examples  and  Exercises  are  taken  from  the  Examination  Papers  set  for 
the  Oadets  of  the  "Worcester." 

"Clearly  arranged,  and  well  got  up.  ...  A  first-rate  Elementary  Algebra."— 
Nautical  Magazine.   


Second  Edition,  Revised.    With  Diagrams.    Price  2s. 

LATITUDE  AND  LONGITUDE :  How  to  Find  them., 

By  W.  J.  MILLAR,  C.E., 

Late  Secretary  to  the  Inst,  of  Engineers  and  Shipbuilders  in  Scotland. 

**  Concisely  and  cleaely  wkitten  .  .  .  cannot  but  prove  an  acquisition 
to  those  studying  Navigation." — Marine  Engineer. 

**  Young  Seamen  will  find  it  handy  and  useful,  simple  and  clear."— iTAe- 
Engimer, 

***  For  complete  List  of  Griffin's  Nautical  Series,  see  p.  39.  
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GRIFFIN^S  NAUTICAL  SERIES. 

Second  Edition,  Revised  and  Extended.    In  Crown  8vo.    Price  4s.  6d. 

THE  LEGAL  DUTIES  OF  SHIPMASTERS. 

Br  BENEDICT  WM.  GINSBURG,  M.A.,  LL.D.  (Cantab.), 

Of  the  Inner  Temple  and  Northern  Circuit ;  Barrister-at-Law. 

General  Contents.— The  Qualification  for  the  Position  of  Shipmaster— The  Con- 
tract with  the  Shipowner— The  Master's  Duty  in  respect  of  the  Crew  :  Engagement ; 
Apprentices ;  Discipline  ;  Provisions,  Accommodation,  and  Medical  Comforts  ;  Payment 
of  Wages  and  Discharge— The  Master's  Duty  in  respect  of  the  Passengers— The  Master's 
Financial  Responsibilities — The  Master's  Duty  in  respect  of  the  Cargo — The  Master's 
Duty  in  Case  of  Casualty — The  Master's  Duty  to  certain  Public  Authorities— The 
Master's  Duty  in  relation  to  Pilots,  Signals,  Flags,  and  Light  Dues— The  Master's  Duty 
upon  Arrival  at  the  Port  of  Discharge — Appendices  relative  to  certain  Legal  Matters : 
'Board  of  Trade  Certificates,  Dietary  Scales,  Stowage  of  Grain  Cargoes,  Load  Line  Kegula* 
ftions.  Life-saving  Appliances,  Carriage  of  Cattle  at  Sea,  <fcc.,  &c.— Copious  Index. 

No  intelligent  Master  should  fail  to  add  this  to  his  list  of  necessary  books.  A  few  lines 
-ot  it  may  save  a  lawyer's  fee,  besides  endless  worry." — Liverpool  Journal  of  Commerce. 


FIRST  AID  AT  SEA. 

Third  Edition,  Revised.    With  Coloured  Plates  and  Numerous  Illustra- 
tions, and  comprising  the  latest  Regulations  Respecting  the  Carriage 
of  Medical  Stores  on  Board  Ship.    Price  6s. 

A  MEDICAL  AND  SURGICAL  HELP 

FOR  SHIPMASTERS  AND  OFFICERS 
IN  THE  MERCHANT  NAVY. 

By    WM.     JOHNSON     SMITH,  F.RO.S., 

Principal  Medical  Officer,  Seamen's  Hospital,  Greenwich. 

The  attention  of  all  interested  in  our  Merchant  Navy  is  requested  to  this  exceedingly 
:U8eful  and  valuable  work.    It  is  needless  to  say  that  it  is  the  outcome  of  many  yean 
PRACTICAL  experience  amougst  Seamen. 
"  Sound,  judicious,  really  helpful."— T/ie  Lancet. 

;NiNTH  Edition.   Revised,  with  Chapters  on  Trim,  Buoyancy,  and  Calcula- 
tions. Numerous  Illustrations,  Handsome  Cloth,  Crown  8vo.  Price  7s.  6d. 

KNOW  YOUR  OWN  SHIP. 

By  THOMAS  WALTON,  Naval  Architect. 
Specially  arranged  to  suit  the  requirements  of  Ships'  Officers,  Shipowners, 
Superintendents,  Draughtsmen,  Engineers,  and  Others. 
This  worls:  explains,  in  a  simple  manner,  such  important  subjects  as:— Displacement.— 
Deadweight.— Tonnage.— Freeboard.  —  Moments.  — Buoyancy.— Strain.— Structure.-Stab- 
ility.— Rolling.— Ballasting.  —  Loading.  —  Shifting  Cargoes.  —  Admission  of  Water.— Sail 

••  The  little  book' will 'be  found  exceedingly  handy  by  most  officers  and  officials  connected 
with  shipping.  .  .  .  Mr.  Walton's  work  will  obtain  lasting  success,  because  of  its  unique 
fitness  for  those  for  whom  it  has  been  wvMim."— Shipping  World. 


BY  THE   SAME  AUTHOR. 

STEEL  SHIPS:  Their  Construction  and  Maintenance. 

(See  page  38.) 
For  Complete  List  of  Griffin's  Nautical  Series,  see  p.  39. 


LONDON:  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET,  STRAm 


44 


CHARLES  ORIFFIN  d:  GO:S  PUBLICATIONS, 


Sixteenth  Edition,   Thoroughly  Revised,     Large  %vo^  Cloth, 
pp,  i-xxiv  +  712.      With  250  Illustrations^  reduced  from 
Working  Drawings,  and  8  Plates,    21s.  net. 

AMANUAL  OF 

MARINE  ENGINEERING: 

COMPRISING  THE  DESIGNING,  CONSTRUCTION,  AND 
WORKING  OF  MARINE  MACHINERY. 

By  A.E.  SEATON,  M.LC.E.,  M.LMeeh.E.,  M.I.N.A. 

General  Contents.  —  Part  I. — Principles  of  Marine  Propulsion:, 
Part  II.  —  Principles  of  Steam  Engineering.  Part  III. —  Details  of 
Marine  Engines  :  Design  and  Calculations  for  Cylinders,  Pistons,  Valves, 
Expansion  Valves,  &c.  Part  IV.  —  Propellers.  Part  V. — Boilers, 
Part  VI. — Miscellaneous. 

"  Ihe  Student,  Draughtsman,  and  Engineer  will  find  this  work  the  most  vall  /'  blp 
Handbook  of  Reference  on  the  Marine  Engine  now  in  existence." — Marine  Engineer^, 


Ninth  Edition,  Thoroughly  Revised.    Pocket-Size,  Leather.    8s.  6d, 
A  POCKET-BOOK  OF 

MARINE  ENGINEERING  RDLES  AND  TABLES, 

FOR  THE  USE  OF 

Marine  Engineers,  Naval  Architects,  Designers,  Draughtsmen-^ 
Superintendents  and  Others. 

By  a.  E.  SEATON,  M.I.O.E.,  M.LMeeh.E.,  M.I.N.A., 

AND 

H.  M.  ROUNTHWAITE,  M.LMeeh.E.,  M.LN.A 

The  best  book  of  its  kind,  and  the  information  is  both  up-to-date  and  reliable." — 
Engineer.   


In  Large  8vo.    Handsome  Cloth.    Fully  Illustrated. 

THE     SCRJBinr     PROPS  riX^S  R 

And  other  Competing  Instruments  for  Marine  Propulsion. 
By  a.   E.   SEATON,  M.Inst.C.E.,  M.I.Mech.E.,  M.LN.A. 


In  Pocket  Size.     With  368  Pages.     3s.  6d.  net. 
ENGLISH-SPANISH  and  SPANISH-ENGLISH. 
SEA   TERMS   JPLNJy  PHRASES. 

By  Fleet-Paymaster  GRAHAM-HEWLETT. 

"  Most  complete  .   .   .   useful   .   .    .   we  can  heartily  recommendit,'—>S7ea«?s/t2>. 


In  Crown  8vo.    Handsome  Cloth.    Many  Diagrams.    2s.  6d.  net. 
DEFINITIONS  IN  NAVIGATION  AND  NAUTICAL  ASTRONOMY. 

By   p.    GRO  VES-SHO  WELL, 

Head  of  the  Navigation  Department,  L.C.C.  School,  Poplar. 

This  Volume  consists  of  Explanatory  Diagrams,  together  ivith  Description  of  all  Instruments 
used,  and  Tables  of  Weights  and  Measures,  and  Formidce  jor  Determination  of  Areas  and  Volumes^ 
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WORKS  BY  PROF.  ROBERT  H.  SMITH,  Assoc.M.I.C.E., 

M.I.Mech.E.,  M.LEl.E.,  M.I.Min.E.,  Whit.  Sch.,  M.Ord.Melji.,  Em.  Prof,  of  Eng. 


Second  Edition,  Revised.    In  Crown  8vo,  extraj  with  Diagrams 
and  Folding- Plate,    7s.  6d.  net. 

THE    CALCULUS    FCR  ENGINEERS 
AND  PHYSICISTS, 

INTEGRATION  AND  DIFFERENTIATION, 

With  Applications  to  Technical  Problems; 

AND 

CLASSIFIED  REFERENCE  LIST  OF  INTEGRALS. 

By  PROF.  ROBERT  H.  SMITH. 

"  Pkop.  R.  H.  Smith's  book  will  be  serviceable  in  rendering  a  hard  road  as  bast  as  pbactic- 
ABLE  for  the  non-mathematical  Student  and  Engineer."— -4t;iewcBwm. 

*'  Interesting  diagrams,  with  practical  illustrations  of  actual  occurrence,  are  to  be  found  here 
tn  abundance.  Thb  vbet  completb  classified  eeference  table  will  prove  very  useful  Ij& 
saving  the  time  of  those  who  want  an  integral  in  a  hurry."— TTie  Engineer. 


In  4tOj  Boards.     7b.  6d, 

MEASUREMENT  CONVERSIONS 

(English  and  French) : 

43  GRAPHIC  TABLES  OR  DIAGRAMS,  ON  28  PLATES. 

Showing  at  a  glance  the  Mutual  Conversion  of  Measurements 
in  Different  Units 

Cf  Lengths,  Areas,  Volumes,  Weights,  Stresses,  Densities,  Quantities 
of  Work,  Horse  Powers,  Temperatures,  Sec. 

For  the  use  of  Engineers,  Surveyors,  Architects,  and  Contractors. 
Prof.  Smith's  Conversion-Tables  form  the  most  unique  and  com- 
prehensive collection  ever  placed  before  the  profession.  By  their  use  much 
time  and  labour  will  be  saved,  and  the  chances  of  error  in  calculation, 
diminished.  It  is  believed  that  henceforth  no  Engineer's  Office  will  be- 
oonsidered  complete  without  them. 


Third  Edition.    Pocket  Size,  Leatlier  Limp,  with  Gilt  Edges  and  E-ounded  Corners, 
printed  on  Special   Thin  Paper,  with  Illustrations,  pp.  i-xii  -f  834.   Price  18s.  net. 

(THE   NEW  "  NYSTROM  ") 

THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK 

A  Handbook  of  Tables,  Formulce  and  Methods  for  Engineers, 
Students  and  Draughtsmen. 

By  henry  HARRISON  SUPLEE,  E.Sc,  M.E. 

"  We  feel  sure  it  will  be  of  great  service  to  mechanical  QUgmQQY^."— Engineering. 
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Second  Edition.    In  Large  8vo.    Handsome  Cloth.  16s. 

CHEMISTRY   FOR  ENGINEERS. 

BY 

BERTRAM  BLOUNT,     and         A.  G.  BLOXAM, 

F.I.C,  F.C.S.,  A.LC.E.  F.I.C,  F.C.8. 

GENERAL  CONTENTS.— Introduction— Chemistry  of  the  Chief  Materials 
of  Construction— Sources  of  Energy— Chemistry  of  Steam-raising— Chemis- 
try of  Lubrication  and  Lubricants— Metallurgical  Processes  used  in  the 
Winning  and  Manufacture  of  Metals. 

"The  authors  have  succeeded  beyond  all  expectation,  and  have  produced  a  work  which 
should  give  fresh  power  to  the  Engineer  and  Manufacturer." — The  Times. 


By  the  same  Authors,    Chemistry  for  Manufacturers,"  see  p.  71. 


THE  ELEMENTS  OF  CHEMICAL  ENGINEERING.  By 

J.  Grossmann,  M.A.,  Ph.D.,  F.I.C.  With  a  Preface  by  Sir 
William  Ramsay,  K.C.B.,  F.R.S.  In  Handsome  Cloth.  With 
nearly  50  Illustrations.    3s.  6d.  net.  [See  page  70. 


In  Demy  Quarto.    With  Diagrams  and  Worked  Problems. 
2s.  6d.  net. 

PROPORTIONAL  SET  SQUARES 

APPLIED  TO  GEOMETRICAL  PROBLEMS. 

By  Lieut. -Col.  THOMAS  ENGLISH,  Late  Royal  Engineers. 


Works  by  WALTER  R,  BROWNE,  M.A.,  M.Inst.C.E. 

THE   STUDENT'S  MECHANICS: 

An  Introduction  to  the  Study  of  Force  and  Motion. 

With  Diagrams.    Crown  8vo.    Cloth,  4s.  6d. 

**  Clear  in  style  and  practical  in  method,  *Thb  Student's  Mechanics  '  is  cordially  to  be 
recommended  from  all  points  of  view. " — A  thenctutn. 


FOUNDATIONS   OF  MECHANICS. 

Papers  reprinted  from  the  Engineer,    In  Crown  8vo,  is. 
Demy  8vo,  with  Numerous  Illustrations,  9s. 

FUEL  AND  WATER: 

A  Manual  for  Users  of  Steam  and  Water. 

By  Prof.  FRANZ  SCHWACKHOfER  of  Vienna,  and 
WALTER  R.  BROWNE,  M.A.,  C.E. 

General  Contents. — Heat  and  Combustion — Fuel,  Varieties  of— Firing  Arrange  oxents : 
Furnace,  Flues,  Chimney  —  The  Boiler,  Choice  of— Varieties — Feed-water  Heaters — 
Steam  Pipes — Water :  Composition,  Purification—Prevention  of  Scale,  &c. ,  &c. 

"The  Section  on  Heat  is  one  of  the  best  and  most  lucid  ever  written." — Engineer. 
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GRIFFIN'S  LOCAL  GOVERNMENT  HANDBOOKS, 

WORKS  SUITABLE  FOR  MUNICIPAL  AND  COUNTVT  ENGINEERS. 
ANALYSTS,  AND  OTHERS. 
See  also  Davies'  Hygiene,  p.  99,  and  MacLeod's  Calculations,  p.  110  Gener;il  Catalogue. 

<jas  Manufacture  (The  Chemistry  of).  A  Handbook  on  the  Pro- 
duction, Purification,  and  Testing  of  Illuminating  Gas,  and  the  Assay  of  Bye-Pro- 
ducts. By  W.  J.  A.  BuTTERFiKLD,  M.A.,  F.I.C.,  F.C.S.  With  Illustrations.  Fourth 
Edition,  Revised.   Vol.  I.,  7s.  6d.  net.   Vol.  II.,  in  preparation.  [See  page  77. 

Water  Supply  :  A  Practical  Treatise  on  the  Selection  of  Sources  and  the 
Distribution  of  Water.  By  Reginald  E.  Middleton,  M.Inst.C.E.,  M.Iiist.Mech.E., 
F.S.I.   With  Numerous  Plates  and  Diagrams.   Crown  8vo.  8s.  6d.  net.  [Seepage  77. 

Central  Electrical  Stations  :  Their  Design,  Organisation,  and  Manage- 
ment. ByC.  H.  WORDINGHAM,  A.K.C.,M.I.C.E.  SECOND  EDITION.  24s.net.  [Seep.  48. 

Electricity  Control.   By  Leonard  Andrews,  A. M.Inst.C.E.,  M.I.E.E. 

12s.  6d.  net.  [See  page  48. 

Electricity  Meters.  By  Henry  G.  Solomon,  A.M. Inst. E.E.  16s. 
net.  [See  page  48. 

Trades'  Waste  :  Its  Treatment  and  Utilisation,  with  Special  Reference 
to  the  Prevention  of  Rivers'  Pollution.  By  W.  Naylor,  F.C.S. ,  A. M.Inst.C.E. 
With  Numerous  Plates,  Diagrams,  and  Illustrations.    21s.  net.  [See  page  76. 

Calcareous  Cements  :  Their  Nature,  Preparation,  and  Uses.  With 
some  Remarks  upon  Cement  Testing.  By  Gilbert  Redgrave,  Assoc. Inst.C.E., 
and  Chas.  Spackman,  F.C.S.  Second  Edition.  With  Illustrations,  Analytical 
Data,  and  Appendices  on  Costs,  &c.    15s.  net.  [See  page  76. 

Road  Making"  and  Maintenance :  A  Practical  Treatise  for  Engineers, 
Surveyors,  and  others.  With  an  Historical  Sketch  of  Ancient  and  Modern  Practice. 
By  Thomas  Aitken,  Assoc.M.Inst.C.E.,  &c.  Second  Edition,  Revised  and  En- 
larged.  21s.  net.  [See  page  79. 

Light  Railways  at  Home  and  Abroad.  By  William  Henry  Cole, 

M.Inst.C.E.,  late  Deputy  Manager,  North-Western  Railway,  India.  Large  8vo, 
Handsome  Cloth,  Plates  and  illustrations.    16s.  [See  page  30. 

I'ractical  Sanitation  :  A  Handbook  for  Sanitary  Inspectors  and  others 
interested  in  Sanitation.  By  Geo.  Reid,  M.D.,  D.P.H.,  Medical  Officer,  Staffordshire 
County  Council.  With  Appendix  (re-written)  on  Sanitary  Law,  by  Herbert  Manley, 
M.A.,  M.B.,  D.P.H.,  Barrister-at-Law.  Thirteenth  Edition,  Thoroughly  Revised. 
6s.  [See  page  78. 

Sanitary  Engineering*:  A  Practical  Manual  of  Town  Drainage  and 
Sewage  and  Refuse  Disposal.  By  Francis  Wood,  A.M.Inst.C.E.,  F.G.S.  Second 
Edition,  Revised.   Fully  Illustrated.   8s.  6d.  net.  [See  page  78. 

•Dairy  Chemistry:  A  Practical  Handbook  for  Dairy  Managers,  Chemists, 
and  Analysts.  By  H.  Droop  Richmond,  F.I.C,  Chemist  to  the  Aylesbury  Dairy 
Company.  Second  Edition.  R.e vised.  With  Tables,  Illustrations,  &c.  Handsome 
Cloth.  '  [See  page  73. 

.Dairy  Analysis:  The  Laboratory  Book  of.  By  H.  Droop  PvICHMond, 
F.I.C.    Fully  Illustrated,  Cloth.    2s.  6d.  net.  [See  page  73. 

Milk :  Its  Production  and  Uses.  With  Chapters  on  Dairy  Farming, 
The  Diseases  of  Cattle,  and  on  the  Hygiene  and  Control  of  Supplies.  By  Edward  F. 
WiLLOUGHBY,  M.D.  (Lond.),  D.P.H.  (Lond.  and  Camb.),    6s.  net.  [See  page  73. 

Flesh  Foods  :  With  Methods  for  their  Chemical,  Microscopical,  and 
Bacteriological  Examination.  A  Handbook  for  Medical  Men,  Inspectors,  Analysts, 
and  others.  By  C.  Ainsworth  Mitchell,  B.A.,  F.I.C,  Mem.  Council  Soc.  of  Public 
Analysts.  With  numerous  Illustrations  and  a  coloured  Plate.    10s.  6d.  [See  page  72. 

Foods:  Their  Composition  and  Analysis.  By  A.  Wynter  Blyth, 
M.R.C.S.,  F.C.S.,  Public  Analyst  for  the  County  of  Devon,  and  M.  W  .Blyth, 
B.A.,  B.Sc.  With  Tables,  Folding  Plate,  and  Frontispiece.  Fifth  Edition, 
Thoroughly  Revised.    21s.  [^ee  page  72. 
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ELECTRICAL  ENGINEERING. 

Second  Edition,  Revised.    In  Large  Svo.    Handsome  Cloth,  Profusely 
Illustrated  with  Plates^  Diagrams^  and  Figures.    245.  net, 

CENTRAL  ELECTRICAL  STATIONS: 

Their  Desigrn,  Organisation,  and  Management. 

By  CHAS.  H.  WORDINGHAM,  A.K.C,  M.Inst.C.E.,  M.Inst.Mech.E.j, 

Late  Memb.  of  Council  Inst.E.E.,  and  Electrical  Engineer  to  the  City  of  Manchester  ; 
Electrical  Engineer-in-Chief  to  the  Admiralty. 
"One  of  the  most  valuable  contributions  to  Central  Station  literature  we  have  had" 
for  some  time." —Electricity. 


In  Large  8vo.    Handsome  Cloth.    Profusely  Illustrated.    12s.  6d.  net. 

ELECTRICITY  CONTROL. 

A  Treatise  on  Elestric  Switchgear  and  Systems  of  Electric  Transmission. 

By    LEONARD  ANDREWS, 

Associate  Membei  of  the  Institution  of  Civil  Engineers,  Member  of  the  Institution  of 
Electrical  Engineers,  &c 

General  Principles  of  Switchgear  Design. —Constructional  Details. — Circuit  Breakers  or 
Arc  Interrupting  Devices. — Automatically  Operated  Circuit- Breakers. — Alternating  Reverse- 
Current  Devices. — Arrangement  of  'Bus  Bars,  and  Apparatus  for  Parallel  Running. — 
General  Arrangement  of  Controlling  Apparatus  for  High  Tension  Systems. — Genera! 
Arrangement  of  Controlling  Apparatus  for  Low  Tension  Systems. — Examples  of  Complete 
Installations. — Long  Distance  Transmission  Schemes. 

**  Not  often  does  the  specialist  have  presented  to  him  so  satisfactory  a  book  as  this.  .  .  . 
We  recommend  it  without  hesitation  to  Central  Station  Engineers,  and,  in  fact,  to  anyone 
interested  in  the  subject." — Power. 


Large  8vo,  Cloth,  with  334  Pages  and  307  Illustrations.    16s.  net. 

ELECTRICITY  METERS. 

By  HENRY  G.  SOLOMON,  A.M.Inst.E.E. 

Contents.  —  Introductory. — General  Principles  of  Continuous  -  Current 
Meters. — Continuous-Current  Quantity  Meters.— Continuous-Energy  Motor 
Meters  — Different  Types. — Special  Purposes,  i.e.y  Battery  Meters,  Switchboard 
Meters,  Tramcar  Meters. — General  Principles  of  Single-  and  Polyphase  Induc- 
tion Meters.  —  Single-phase  Induction  Meters. —  Polyphase  Meters. —  Tariff 
Systems. — Prepayment  Meters. — Tariff  and  Hour  Meters.  — Some  Mechanical 
Features  in  Meter  Design. — Testing  Meters. — Index. 

*' An  earnest  and  successful  attempt  to  deal  comprehensively  with  modern  methods  o^*' 
measuring  current  or  power  in  electrical  installations."— ^7igri»eertwgr. 


In  Large  8vo.     Handsome  Cloth.     Fully  Illustrated. 

TRANSFORMERS- 

By    HERMANN    BOHLE,  M.I.E.E., 
Prof,  of  Electrotechiiics,  S.A.  College,  Cape  Town, 
And  Professor  DAVID  ROBEETSON,  B.Sc,  A.LE.E.,  of  Bristol. 
Contents. — General  Principles. — Magnetising  and  No-Load  Currents. — Losses  in 
Transformers. — Iron  Losses. — Copper  Losses.  -Temperature  Rise. — Magnetic  Leakage. — 
Leakage  Inductance. — Vector  Diagrams  for  Transformers. — Systematic  Testing  of  Trans- 
formers.— Insulating  Materials. — Examples  of  Construction.— Design  of  Transformers.— 
Applications  of  Transformers.— Regulating  and  Phase-Changing  Transformers.— Index. 
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In  Large  Crown  8vo.    Handsome  Cloth.    Fully  Illustrated.    5s.  net. 

TELEGRAPHIC  SYSTEMS, 

AND   OTHER  NOTES. 

A  Handbook  of  the  Principles  on  luhich  Telegraphic  Practice  is  Based. 

By  ARTHUR  CROTCH, 
Of  the  Engineer-in -Chief's  Department,  G.P.O. 

Contents.— Batteries,  Primary  and  Secondary.  —  Universal  Battery  Working.— 
Duplex  Telegraphy.  — Duplex  and  Quadruplex  Telegraphy.  —  Automatic  Telegraphy.- 
Multiplex  Telegraphy.— The  Hughes  Type  Printing  Instrument.— The  Baudot  Systtin.— 
The  Murray  Type  Printing  Telegraph.— Test  and  Battery  Boxes.— Circuit  Concentration, 
&c.  —  Bepeaters.  —  Submarine  Telegraphy.  —  Wireless  Teleuraphy.  —  Indkx.  -  List  of 
Diagrams  of  Connections. 


In  Large  8vo.    Profusely  Illustrated.    8s.  6d.  net. 

WIRELESS  TELEGRAPHY- 

By   GUSTAVE   EICHHORN,  Ph.D. 

Contents.— Oscillations.— Closed  and  Open  Oscillation  Systems.— Coupled 
Systems.— The  Coupling  Compensating  the  Aerial  Wire.— The  Receiver.— 
Comparative  Measurement  in  the  Sender.— Theoretical  Results  and  Calculations 
in  respect  of  Sender  and  Receiver. — Close-  and  Loose-Coupled  Sender  and 
Receiver. — Formulae.— The  Ondameter.— Modern  Apparatus  and  Methods  of 
Working  —  Conclusion.  — Bibliography.  — Index. 

"Well  written  .  .  .  and  combines  with  a  good  deal  of  description  a  careful 
investigation  of  the  fundamental  theoretical  phenomena." — Nature. 


Eighteenth  Edition.    Leather,  Pocket  Size,  with  764  pages.    8s.  6d. 

A    POCKET-BOOK  OF 

ELECTRICAL  RULES  &  TABLES 

FOR  THE  USE  OF  ELECTRICIANS  AND  ENGINEERS. 

By  JOHN  MUNRO,  C.E.,  &  Prof.  JAMIESON,  M.Inst.C.E.,  F.R.S.B. 

"  Wonderfully  Perfect.  .  .  .  Worthy  of  the  highest  commendation  we  can 
give  it." —Electrician. 


QRIEFIN'S  ELECTRICAL  PBICE-BOOK :  For  Electrical,  Civil, 
Marine,  and  Borough  Engineers,  Local  Authorities,  Architects,  Railway 
Contractors,  &c.    Edited  by  H.  J.  Dowsing.   Second  Edition.   8s.  6d. 


ELECTRIC  SMELTING  AND  REFINING.  By  Dr.  W.  Borchers 

and  W.  G.  McMillan.  [See  page  67. 

ELECTRO -METALLURGY,  A  Treatise  on.     By    Walter  G. 

McMillan,  F.LC,  F.C.S.  [See  page  67. 

ELECTRICAL  PRACTICE  IN  COLLIERIES.    By  D.  Burns,  M.E., 

M.  Inst.  M.  E.  [See  page  57 . 

ELECTRICAL  SIGNALLING  IN  MINES.  By  Gerald  J.  Hoog- 

wiNKEL,  M.I.E.E.,  &c.  [in  Active  Prtparation.. 
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so  CHARLES  QRIFFIN  <fc  CO,'S  PUBLICATIONS. 

By  PROFESSORS  J.  H.  POYNTINQ  &  J.  J,  THOMSON: 

In  Five  Volumes.    Large  8vo.    Sold  Separately. 

A  TEXT-BOOK  OF  PHYSICS. 

BY 

J.  H.  POYNTING,  J.  Je  THOMSON, 

SC.D.,  F.B.S.,  AND  M.A.,  F.B.S.i 

vliate  Fellow  of  Trinity  College,  Cambridge;  Fellow  of  Trinity  College,  Cambridge;  Prof. 

Professor  of  Physics,  Birmingham  of  Experimental  Physics  in  the  University 

University.  of  Cambridge. 


Introductory  Volume.    Fourth  Edition,  Revised.    Fully  Illustrated. 

10s.  6d. 

PROPSRIDISS   OF  IVTATTER. 

Contents.  —  Gravitation.  The  Acceleration  of  Gravity.  —  Elasticity.  —  Stresses  and 
Strains.— Torsion.— Bending  of  Rods.— Spiral  Springs.  — Collision.— Compressibility  of 
Liquids.— Pressures  and  Volumes  of  Gases.— Thermal  Effects  Accompanying  Strain.— 
Capillarity.— Surface  Tension.— Laplace's  Theory  of  Capillarity.— Diffusion  of  Liquids  — 
Diffusion  of  Gases.— Viscosity  of  Liquids.— Index. 

"  Students  of  physics  cannot  fail  to  derive  benefit  from  the  hook."— Knowledge. 

"We  regard  this  book  as  quite  indispensable  not  merely  to  teachers  but  to  physicists  of  every 
^a'ade  above  the  lowest."— University  Correspondent. 


Volume  II.    Fourth  Edition.    Fully  Illustrated.    Price  8s.  6d. 

S  O  XJ  13. 

Contents,— The  Nature  of  Sound  and  its  chief  Characteristics.— The  Velocity  of  Sound 
•.I)  Air  and  other  Media.— Reflection  and  R3fraction  of  Sound.— Frequency  and  Pitch  of 
Notes.— Resonance  and  Forced  Oscillations.— Analysis  of  Vibrations.— The  Transverse 
Vibrations  of  Stretched  Strings  or  Wires  — Pipes  and  other  Air  Cavlties.—Rods.— Plates. 
—Membranes. — Vibrations  maintained  by  Heat.— Sensitive  Flames  and  Jets.— Musical 
'  Sand.— The  Superposition  of  Waves.— Index. 

"The  work  .  .  .  may  be  recommended  to  anyone  desirous  of  possessing  an  east 
cp-TO-DATE  Standard  Treatise  on  Acoustics." — Literature. 

"  Very  clearly  written.  .  .  .  The  names  of  the  authors  are  a  guarantee  of  the 
scientific  accuracy  and  up-to  date  character  of  the  worls,'" ^Educational  Times. 


Volume  III.    Second  Edition,  Revised.    Fully  Illustrated.    Price  15s. 

HEAT. 

Contents.  —  Temperature.  —  Expansion  of  Solids.  —  Liquids.  —  Gases.  —  Circulation 
and  Convection.— Quantity  of  Heat;  Specific  Heat.— Conductivity.— Forms  of  Energy; 
Conservation ;  Mechanical  Equivalent  of  Heat.— The  Kinetic  Theory —Change  of  State; 
Liquid,  Vapour.  —  Critical  Points.  —  Solids  and  Liquids. — Atmospheric  Conditions. — 
Radiation.— Theory  of  Exchanges.— Radiation  and  Temperature.— Thermodynamics.— 
Isothermal  and  Adiabatic  Changes.— Thermodynamics  of  Changes  of  State,  and  Solu- 
tions.— Thermodynamics  of  Radiation. — Index. 

"Well  up-to-date,  and  extremely  clear  and  exact  throughout.  ...  As  clear  as 
it  would  be  possible  to  make  such  a  text-book  "—Nature. 

Remaining  Volumes  in  Preparation — 
LIGHT;  MAGNETISM  AND  ELECTRICITY. 


THE  MEAN  DENSITY  OF  THE  EARTH:  An  Essay  to  which  the 

Adams  Prize  was  adjudged  in  1893  in  the  University  of  Cambridge.    By  J.  H. 
POYNTING,  Sc.D.,  F.R.S.,  Late  Fellow  of  Trinity  College,  Cambridge;  Professor  of 
Physics,  Birmingham  University.    In  Large  8vo,  with  Bibliography,  Illustrations  in 
the  Text,  and  Seven  Lithographed  Plates.   12s.  6d. 
Cannot  fail  to  be  of  great  and  general  interest."— J-iAmoetm. 
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PAGE 

Gsology,  Stratigraphical,  . 

R.  EthekiixtE,  F.Ji.8., 

52 

Ppactical  Aids, 

Prof.  GRE^'VILLE  Cole 

52 

Open  Aip  Studies, 

19 

Mining  Geology,       .      .      .  . 

Prof.  James  Park  F.G.S. 

56 

Prospecting"  fop  Minerals, 

S.  Herbert  Cox,  A.R.S.M., 

53 

Theodolite  Supveying, 

Prof.  James  Park,  F.G.8. 

56 

Ope  and  Stone  Mining, 

Foster  and  Brough 

54 

Elements  of  Mining, 
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"An  abundance  of  information  conveyed  in  a  popular  and  attractive  form.  .  .  .  Will  be- 
of  great  use  to  all  who  are  in  any  way  interested  in  coal  mining."— Scottish  .Critic. 


LONDON:  CHARLES  GRIFFIN  &  CO..  LIMITED.  EXETER  STREET.  8TR4N9 

3 


GHARLES  ORIFFIN  <fe  GO:S  PUBLICATIONS, 


Thirteenth  Edition,  Revised.     With  Numerous  Diagrams, 
Cloth,  7s.  6d. 

A  TREATISE   ON  MINE-SURVEYING: 

For  the  use  of  Managers  of  Mines  and  Collieries^  Students 
at  the  Royal  School  of  Mines,  Ac. 

By  BENNETT  H.  BROUGH,  Assoc.R.S.M.,  F.G.S., 
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"A  work  which  should  find  a  place  in  the  library  of  every  mining  engineer."— 
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In  Large  Svo,    Fourth  Edition.    Price  10s.  6d. 

MINE  ACCOUNTS  AND  MINING  BOOK-KEEPING. 

For  Students,  Managers,  Secretaries,  and  others. 
With  Examples  taken  from  Actual  Practice  of  Leading  Companies. 

By  JAMES  GUNSON  LAWN,  A.R.S.M.,  A.M.Inst.C.E.,  F.G.S., 

Head  of  the  Mining  Department,  Camborne  School  of  Mines. 

Edited  by  Sir  C.  LE  NEVE  FOSTER,  D.Sc,  F.R.S. 
"It  seems  impossible  to  suggest  how  Mr.  Lawn's  book  could  be  made  more  complete  or 
more  valuable,  careful,  and  exha-mtiYe.''— Accountants'  Magazine. 


Second  Edition.     In  Pocket  Size,  Strongly  Bound  in  Leather,  3s.  6d. 
Provided  with  Detachable  Blank  Pages  for  MS. 

THE  MINING  ENGINEERS'  REPORT  BOOK 

AND  DIRECTORS'  AND  SHAREHOLDERS'  GUIDE  TO  MINING  REPORTS. 

By  EDWIN  R.  FIELD,  M.Inst.M.M. 
With  Notes  on  the  Valuation  of  Propetiy,  and  Tabulating  Reports, 

Useful  Tables,  and  Examples  of  Calculations,  dc. 
"An  ADMIRABLY  compiled  book  which  Mining  Engineers  and  Managers  will  find 
EXTREMELY  V8BFVL."— Mining  Journal. 


In  Crown  Svo.    Handsome  Cloth.    Illustrated.    10s.  6d.  net. 
A  DICTIONARY  OF 

SPANISH  AND  SPANISH-AMERICAN  MINING,  METALLURGICAL 

AND  ALLIED  TERMS. 

To  which  some  Portuguese  and  Portuguese- American  {Brazilian)  Terms  are  added. 
By  EDWARD   HALSE,  A.R.S.M., 

Mem.  Inst.  Ming,  and  Metall.,  of  the  Eng.  Inst,  of  Ming,  and  Metall.  Engrs.,  &c.,  &c. 
Will  be  found  of  the  greatest  service  to  the  mining  profession."— ^Jmmr/  Journal.  
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CHARLES  GRIFFIN  Jb  CO.'S  PUBLICA  TIONS^. 


WOEKS  ON  SlNKINa,  EXPLOSIVES,  85c. 

In  Medium  8vo,  Handsome  Cloth.    With  18  Figures  in  the  Text, 
and  19  Folding  Plates.    10s.  6d.  net. 

SHAFT-SIHKIHG  IN  DIFFICULT  CASES. 

By    J.  EIEMER, 
Translated  by  J.  W.  BROUGH,  A.M.Inst.C.E. 

Contents. — Shaft  Sinking  by  Hand.— Shaft  Sinking  by  Boring.— The 
Freezing  Method. — The  Sinking  Drum  Process.— Bibliography. — Index. 

"The  translator  deserves  the  thanks  of  the  mining  commanity  for  placing  this 
valuable  work  before  them.  .  .  .  The  work  is  one  which  every  mining  engineer 
should  include  in  his  library."— ilfmm^r  World. 


Second  Edition,  Revised.    In  Large  Svo,  with  Numerous  Illustrations 
and  Folding  Plates.     10s.  6d. 

BLASTING :  AND  THE  USE  OF  EXPLOSIVES. 

By  OSOAB  GUTTMAISTN,  M.Inst.O.E.,  F.I.C,  F.C.S. 

Contents.  —  Historical  Sketch.  —  Blasting  Materials.  —  Qualities  and 
Handling  of  Explosives. — The  Choice  of  Blasting  Materials. — Preparation 
of  Blasts. — Chamber  Mines. — Charging  of  Boreholes. — Determination  of 
Charge. — Blasting  in  Boreholes. — Firing. — Results  of  Working. — Various 
Blasting  Operations. — Index. 

"Should  prove  a  vade-mecum  to  Mining  Engineers  and  all  engaged  in  practical  work." 
— Iran  and  Coal  Trades  Review. 

In  Medium  Svo,  Cloth.     With  many  Illustrations  in  the  Text. 
Four  Full  Page  Plates  and  Four  Folding  Tables.    6s.  net. 

ISTEW    METHODS  OF 

TESTING  EXPLOSIVES. 

By  0.  E.  BICHEL. 

Translated  and  Edited  by  ALEX.  LARSEN,  M.Inst.C.E. 

Contents.  —  Introductory.  —  Historical.  —  Testing  Stations.  —  Power 
Gauges.  —  Products  of  Combustion.  —  Rate  of  Detonation.  —  Length  and 
Duration  of  Flame. — After-Flame  Ratio. — Transmission  of  Explosion. — 
Conclusion  s.  — Efficiency. 

"Its  pages  bristle  with  suggestions  and  actual  experimental  results  to  an  extent 
seldom  found  in  a  volume  of  five  times  its  size." — Arms  and  Explosives. 

In  Crown  Svo.    Handsome  Cloth.    Fully  Illustrated. 
A  MANUAL  ON 

ELECTRICAL   SIGNALLING   IN  MINES. 

By  GERALD  J.  HOOGHWINKEL,  M.Inst.E.E.,  M.LMin.E. 

Contents.— Section  I.— Electric  Haulage  Signals— (a)  Acoustic  Signals.— (&)  Optical 
Signals. — (c)  Acoustic  Optical  Signals. — Current  Supply. — Batteries. — Accumulators. — 
Main  Supply. — Design  and  Construction  of  Signalling  Installations. — Maintenance  of 
Signalling  Installations.  Section  II.— Electric  Shaft  Signals— (a)  Acoustic  Signals.— (&) 
Electro-Mechanical  Signals. — (c)  Optical  Acoustic  Signals.— Signals  for  Winding  Minerals. 
— For  Winding  Men. — Signalling  from  the  Cage.  —  Emergency  Signals.  —  Bells. — Mine 
Telegraphs.— Mine  Telephones.   Section  III.— Special  Applications  in  Mines. 
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Second  Edition,  Revised  Throughout.    In  Medium  ^vo.  With 
Numerous  Flates,  Maps,  and  Illustrations.    21s.  ?iet. 

CYANIDING  GOLD  &  SILVER  ORES. 

.A  Practical  Treatise  on  the  Cyanide  Process  ;   its  Application, 
Methods  of  Working,  Design  and  Construction  of 
Plant,  and  Costs. 

By  H.  FORBES  JULIAN, 

Mining  and  Metallurgical  Engineer ;  Specialist  in  Gold  ;  Late  Technical  Adviser  of  the 
Deutsche  Gold  und  Silber  Scheide  Anstalt,  Frankfort-on-Maine. 

And  EDGAR  SMART,  A.M.LO.E., 

Civil  and  Metallurgical  Engineer. 

"  A  handsome  volume  of  400  pages  which  will  be  a  valuable  book  of  reference  for  all 
associated  with  the  process." — Mining  Journal. 

' '  The  authors  are  to  be  congratulated  upon  the  production  of  what  should  prove  to  be 
a  standard  work."— Pa^'e's  Magazine. 


In  Large  Grown  8vo.    With  13  Plates  and  many  Illustrations  in  the  Text, 
Handsome  Cloth,     Is.  ^d.  net. 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION. 

A  Text-Book  for  the  Use  of  Metallurgists  and  Students  at 
Schools  of  Mines,  do. 

By  JAMES   PARK,  F.G.S.,  M.Inst.M.M., 

'Professor  of  Minmg  and  Director  of  the  Otago  University  School  of  Mines ;  late  Director 
Thames  School  of  Mines,  and  Geological  Surveyor  and  Mining  Geologist 
to  the  Government  of  New  Zealand. 

(FouRTE  English  Edition.  Thoroughly  Revised  and  Greatly  Enlarged. 
With  additional  details  concerning  the  Siemens-Halske  and  other 
recent  processes. 

' '  Deserves  to  be  ranked  as  amongst  the  BEST  of  existing  TREATISES."— Mining  Joitrnal. 


Third  Edition,  Revised.    With  Plates  and  Illustrations,    Cloth,  *Ss,  6rf. 

GETTI NG  GOLD: 

.A  GOLD-MINING   HANDBOOK    FOR  PRACTICAL  MEN. 

By  J.  0.  F.  JOHNSON,  F.G.S.,  A.LM.E., 

Life  Member  Australasian  Mine-Managers'  Association. 
General  Contents.— Introductory  :  Prospecting  (Alluvial  and  General)— 
Lode  or  Reef  Prospecting — Genesiology  of  Gold — Auriferous  Lodes — Drifts — 
•Gold  Extraction — Lixiviation — Calcination — Motor  Power  and  its  Transmission 
—  Company  Formation  —  Mining  Appliances  and  Methods  —  Australasian 
Mining  Regulations. 

"  Practical  from  beginning  to  end  .  .  .  deals  thoroughly  with  the  Prospecting, 
•Sinking,  Crushing,  and  Extraction  of  gold." — Brit.  Australasian. 


In  Crown  Svo.    Illustrated.    Fancy  Cloth  Boards.    4s.  6d. 

COLD  SEEKING  IN  SOUTH  AFRICA: 

A  Handbook  of  Hints  fop  intending*  Explorers,  Prospeetops. 

and  Settleps. 

By    THEO  KASSNEPv, 

Mine  Manager,  Author  of  the  Geological  Sketch  Map  of  the  De  Kaap  Gold  Fields. 

With  a  Chapter  on  the  Agricultural  Prospects  of  South  Africa. 

"As  fascinating  as  anything  ever  penned  by  Jules  Y erne. '"—African  Commerce. 


iONDON :  CHARLES  GRIFFIN  &  CO.,  LIMITED.  EXETER  STREET,  STRANG 
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Large  8vo.    Handsome  Cloth.    With  Illustrations. 
12s.  6d.  net. 

METALLURGICAL  ANALYSIS  &  ASSAYING : 

A  THREE  YEARS'  COURSE 

FOR  STUDENTS  OF  SCHOOLS  OF  MINES. 

By  W.  a.  MACLEOD,  B.A.,  B.Sc,  A.O.S.M.  (N.Z.), 

Formerly  Assist.-Birector,  Thames  School  of  Mines  (N.Z.),  and  Lecturer  in  Chemistry,  University 
of  Tasmania ;  Director  of  Queensland  Government  School  of  Mines,  Charters  Towers  ;  '■ 

And  CHAS.  WALKER,  F.C.S., 

Formerly  Assist.-Demonstrator  in  Chemistry,  Sydney  University ;  Lecturer  in  Chemistry 
and  Metallurgy,  Charters  Towers  School  of  Mines 

Part  I. — Qualitative  Analysis  and  Preparation  and  Properties  of  Gases, 
Part  II. — Qualitative  and  Quantitative  Analysis.  Part  III. — Assaying, 
Technical  Analysis  (Gas,  Water,  Fuels,  Oils,  &c.). 

**The  publication  of  this  volume  tends  to  prove  that  the  teaching  of  metallurgical 
analysis  and  assaying  in  Australia  rests  in  competent  hands." — Nature. 


In  Crown  8vo,  Beautifully  Illustrated  with  nearly  100 
Microphotographs  of  Steel,  &c.     7s.  6d.  net. 

MICROSCOPIC  ANALYSIS  OF  METALS. 

By  FLORIS  OSMOND  &  J.  E.  STEAD,  F.H.S.,  F.LC. 

Contents. — Metallography  considered  as  a  method  of  Assay.  —  Micro- 
graphic  Analysis  of  Carbon  Steels. — Preparation  of  Specimens. — Polishing. 
— Constituents  of  Steel ;  Ferrite ;  Cementite ;  Pearlite ;  Sorbite ;  Martensite  ; 
Hardenite;  Troostite  ;  Austeoite. — Ideutitication  of  Constituents. — Detailed 
Examination  of  Carbon  Steels. — Conclusions,  Theoretical  and  Practical. — 
Apparatus  employed. — Appendix. 

"There  has  been  no  work  previously  published  in  English  calculated  to  be  so  useful  to 
the  student  in  metallographic  research." — Iron  and  Steel  Trades'  Journal, 


In  Crown  8vo.    Handsome  cloth.    With  over  100  Illustrations. 
A     HANDBOOK  ON 

M  JET  ALLIC  ALLOYS: 

Their  Structure  and  Constitution. 
By  gilbert  H.  GULLIYER,  B.Sc,  F.KS.E. 

Contents.— Methods  of  Investigation.— Solution  Theory,  and  the  Chemical  Equili- 
brium of  Mixed  Substances.— Binary  Alloys  in  which  no  Definite  Chemical  Compounds 
are  Eormed,— Binary  Alloys  which  Show  Evidence  of  the  Formation  of  Definite  Chemical 
Compounds.— Equilibrium  Conditions  in  Metallic  Mixtures. —The  Bronzes,  Brasses  and 
the  Steels— Alloys  of  more  than  two  Metals.— Bibliography.— Index. 

Third  Edition.    With  Folding  Plates  and  Many  Illustrations.  36s. 

A  PRACTICAL  TREATISE  ON  THE  ART  OF  EXTRACTING  METALS 
FROM  THEIR  ORES. 
By  J.  ARTHUR  PHILLIPS,  MJnst.O.K,  F.C.S.,  F.G.S.,  &c., 
And  H.  BAIJERMAN,  V.P.G.S. 
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Second  Edition,  Revised,  Enlarged,  and  Re-set  Throughout  on  Larger  Page, 
With  Valuable  Bibliography,  New  Maps,  Illustrations,  dbc.    456'.  net. 
I  INT       TWO      VO       XJ  M  E  S. 
A    T  R  E  A  T  IS  E  ON 

By   sir   BOVERTON  REDWOOD, 

D.Sc,  F.R.S.E.,  Assoo.Inst.C.E  ,  F.l.C. 

Contents.— Section  I.:  Historical  Account  of  the  Petroleum  Industry.— Section  II.: 
Geological  and  Geographical  Distribution  of  Petroleum  and  Natural  Gas.— Section  III.: 
The  Chemical  and  Physical  Properties  of  Petroleum  and  Natural  Gas.  -Section  IV. : 
The  Origin  of  Petroleum  and  Natural  Gas.— Section  V.:  The  Production  of  Petroleum, 
Natural  Gas,  and  Ozokerite.— Section  VI.:  The  Refining  of  Petroleum.— Section  VII.: 
The  Shale  Oil  and  Allied  Industries.— Section  VIII. :  The  Transport,  Storage,  and  Dis- 
tribution of  Petroleum.— Section  IX. :  The  Testing  of  Crude  Petroleum,  Petroleum  and 
Shale  Oil  Products,  Ozokerite,  and  Asphalt.— Section  X. :  The  Uses  of  Petroleum  and 
its  Products.— Section  XI.  :  Statutory,  Municipal,  and  other  Regulations  relating  to- 
the  Testing,  Storage,  Transport,  and  Use  of  Petroleum  and  its  Products.— Appendices. 
—Bibliography.— Index. 

"It  is  indisputably  the  most  comprehensive  and  complete  treatise  on  petroleum,  and  this 
statement  is  true,  no  matter  on  what  branch  of  the  industry  a  test  of  its  merits  is  made.  It  is 
the  only  book  in  existence  which  gives  the  oil  man  a  clear  and  reliable  outline  of  the  growth  and 
present-day  condition  of  the  entire  petroleum  world.  .  .  .  There  is  a  wonderfully  complete 
collection  of  plates  and  illustrations."— PefroZe?(m  World. 


Second  Edition,  Revised.     With  Illustrations.    Price  85.  ^d.  net. 

A    HANDBOOK    ON  PETROLEUM. 

FOR  INSPECTORS  UNDER  THE  PETROLEUM  ACTS, 

And  fop  those  engaged  in  the  Storage,  Transport,  Distribution,  and  Industrial) 
Use  of  Petroleum  and  its  Products,  and  of  Calcium  Carbide.  With 
suggestions  on  the  Construction  and  Use  of  Mineral  Oil  Lamps. 

By  captain  J.   H.  THOMSON, 

H.M.  Chief  Inspector  of  Explosives, 

And    sir   BOVERTON  REDWOOD, 

Author  of  "A  Treatise  on  Petroleum." 
A  volume  that  will  enrich  the  world's  petroleum  literature,  and  render  a  service  to  the- 
British  branch  of  the  industry.    .    .    .    IleJiable,  indispensable,  a  brilliant  contribution."— 
Petroleum.  \ 


In  Crown  8vo.    Fully  Illustrated.    2s.  6d.  net. 

THE  LABORATORY  BOOK  OF  MINERAL  OIL  TESTING. 

By   J.    A.  HICKS, 
Chemist  to  Sir  Boverton  Redwood. 
Should  be  on  the  shelves  of  every  analytical  chemist  in  practice."— C'Tiewifcai  Trade  Journal. 


In  Large  Crown  8vo,  Cloth.    Fully  Illustrated     5s.  net. 

OIL  FUEL: 

ITS  SUPPLY,   COMPOSITION,  AND  APPLICATION. 

By  SIDNEY  H.  NORTH, 

LATE  EDITOR  OF   THE   "  PETROLETJM  REVIEW." 

Contents.— The  Sources  of  Supply.— Economic  Aspect  of  Liquid  Fuel.- Chemical 
Composition  of  Fuel  Oils.— Conditions  of  Combustion  in  Oil  Fuel  Furnaces.— Early 
Methods  and  Experiments.— Modern  Burners  and  Methods.— Oil  Fuel  for  Marine  Pur- 
poses.—For  Naval  Purposes.— On  Locomotives.— For  Metallurgical  and  other  Purposes. 
—Appendices. —Index. 

•*  Everyone  interested  in  this  important  question  will  welcome  Mr.  North's  excellent 
text-hook."— Nature.   

THE  PETROLEUM  LAMP:  Its  Choice  and  Use.  A  Guide 
to  the  Safe  Employment  of  the  Paraffin  Lamp.  By  Capt.  J.  H. 
Thomson  and  Sir  Boverton  Redwood.    Illustrated.    1  s.  net. 

"A  work  which  will  meet  every  purpose  for  which  it  has  been  written."—  Petrolev.7n. 
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STANDARD  WORKS  OF  REFERENCE 

FOR 

Metallurgists,  Mine-Owners,  Assayers,  Manufacturers, 
and  all  interested  in  the  development  of 
the  Metallurgical  Industries. 

EDITED  BY 

Sir  W.  ROBERTS-AUSTEN,  K.C.B.,  D.C.L.,  F.R.S. 

/«  Large  Svo,  Handsome  Cloth.     With  Illustrations. 


INTRODUCTION  to  the  STUDY  of  METAIiLURGY. 

By  the  Editor.    Sixth  Edition.    (See  p.  63.) 

GOLD  (The  Metallurgy  of).  By  Thos.  Kirke  Rose, 
D.Sc,  Assoc.  R.S.M.,  F.C.S.,  Chemist  and  Assayer  of  the  Royal 
Mint.    Fifth  Edition.    21s.    (Seep.  63.) 

LEAD  AND  SILVER  (The  MetaUurgy  of).     By  H.  F. 

Collins,  Assoc.R.S.M.,  M.Inst.M.M.  Part  I.,  Lead,  i6s;  Part 
11. ,  Silver,  i6s.    (Seep.  64.) 

IRON  (The  Metallurgy  of).  By  T.  Turner,  A.R.S.M., 
F.I.C.,  F.C.S.    Third  Edition,  Revised.    16s.  net.    (See  p.  65.) 

STEEL    (The    Metallurgy  of).     By  F.  W.  Harbord, 
Assoc.R.S.M.,  F.I.C.,  with  a  Section  on  Mechanical  Treatment  by 
J.  W.  Hall,  A.M.Inst.C.E.    Third  Edition.    25s.  net.  (See 
'     p.  65.) 


Will  be  Published  at  Short  Intervals, 

METALLURGICAL  MACHINERY  :  the  Application  of 
Engineering  to  Metallurgical  Problems.  By  Henry  Charles  Jenkins, 
Wh.Sc.,  Assoc.R.S.M.,  Assoc. M. Inst. C.E.,  of  the  Royal  College  of 
Science.  (See  p.  64), 

COPPER  (The  Metallurgy  of).  By  Thos.  C.  Cloud,  Assoc, 
R.S.M. 

ALLOYS.     By  Edward  F.  Law,  Assoc.R.S.M. 

Other  Volumes  in  Preparation. 
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GRIFFIN'S    METALIiURGICAIi  SERIES. 


Sixth  Edition,  thoroughly  Revised  and  considerably  Enlarged.  Large 
8vo,  with  numerous  Illustrations  and  Micro- Photographic 
Plates  of  different  varieties  of  Steel. 

An  Introduction  to  the  Study  of 

BY 

.'Sir  W.  ROBERTS-AUSTEN,  K.C.B..  D.C.L.,  F.R.S.,  A.R.S.M., 

Late  Chemist  and  Assayer  of  the  Royal  Mint,  and  Professor  of  Metallurgy 
in  the  Royal  College  of  Science. 

General  Contents. — The  Relation  of  Metallurgy  to  Chemistry. — Physical  Properties 
of  Metals. — Alloys.  The  Thermal  Treatment  of  Metals. — Fuel  and  Thermal  Measurements. 
— Materials  and  Products  of  Metallurgical  Processes. — Furnaces. — Means  of  Supplying  Air 
'40  Furnaces. — Thermo -Chemistry. — Typical  Metallurgical  Processes. — The  Micro-Structure 
■of  Metals  and  Alloys. — Economic  Considerations. 

No  English  text-book  at  all  approaches  this  in  the  completeness  with 
'Which  the  most  modern  views  on  the  subject  are  dealt  with.  Professor  Austen's 
volume  will  be  invaluable,  not  only  to  the  student,  but  also  to  those  whose 
knowledge  of  the  art  is  far  advanced." — Chemical  News. 


tF IFTH  Edition,  Revised,  Considerably  Enlarged,  and  in  part  Re-written. 
With  Frontispiece  and  numerous  Illustrations.  21s. 

THE  METALLDRfiY  OF  GOLD. 


BY 

T.  KIRKE  ROSE,  D.Sc.Lond.,  Assoc.R.S.M.. 

Chemist  and  Assayer  of  the  Royal  Mint, 

General  Contents.— The  Properties  of  Gold  and  its  Alloys.— Chemistry  of  the 
^Conipouiids  of  Gold.— Mode  of  Occurrence  and  Distribution  of  Gold.— Shallow  Placer 
Deposits.— Deep  Placer  Deposits.— Quartz  Crushing  in  the  Stamp  Battery.— Amalgam- 
ation in  the  Stamp  Battery.— Other  Forms  of  Crushing  and  Amalgamating  Machinery. 
—Concentration  in  Gold  Mills.— Dry  Crushing.— Re-grinding.— Roasting.— Chlorination : 
The  Plattner  Process,  The  Barrel  Process,  The  Vat-Solution  Process.— The  Cyanide 
Process.— Chemistry  of  the  Cyanide  Process.— Refining  and  Parting  of  Gold  Bullion. 
— Assay  of  Gold  Ores.— Assay  of  Gold  Bullion.— Statistics  of  Gold  Production.— Biblio- 
graphy.—Index. 

"  A  COMPREHENSIVE  PRACTICAL  TREATISE  OH  this  Important  subject."— iTAc  Times. 

•'The  MOST  COMPLETE  description  of  the  chlorination  process  which  has  yet  been  pub- 
lished."—ifmngr  Journal. 

Adapted  for  all  who  are  interested  in  the  Gold  Mining  Industry,  being  free  from  tech- 
faicalities  as  far  as  possible,  but  is  more  particularly  of  value  to  those  engaged  in  the 
''industry.  "—Cape  Times. 
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amPPIN'S  METALLURGICAL  SERIES. 


In  Two  Volumes,  Each  Complete  in  Itself  and  Sold  Separately. 

THE  METALLURGY  OF  LEAD  AND  SILVER. 

By  H.  F.  COLLINS,  Assoc.K.S.M.,  M.Inst.M.M. 

I>art    I.— L  S      I>  : 

Second  Edition,  Thoroughly  Revised  Throughout. 

Summary  of  Contents.— Sampling  and  Assaying  Lead  and  Silver.— Properties  and 
Compounds  of  Lead. — Lead  Ores. — Lead  Smelting. — Reverberatories. — Lead  Smelting  in 
Hearths.— The  Roasting  of  Lead  Ores.— Blast  Furnace  Smelting;  Principles,  Practices 
and  Examples;  Products. — Flue  Dust,  its  Composition  Collection  and  Treatment.— 
Costs  and  Losses,  Purchase  of  Ores.— Treatment  of  Zinc,  Lead  Sulphides,  Desilverisation, 
Softening  and  Refining. — The  Pattinson  Process. — The  Parkes  Process. — Cupellation  and 
Refining,  &c.,  &c. 

''THOROUGHLY  SOUND.    May  with  EVERY  CONFIDENCE  be   recommended." — 

Minmg  Journal. 


I>art    II.— SILYER. 

Second  Edition,  Thoroughly  Revised  Throughout. 

Summary  of  Contents.— Properties  of  Silver  and  its  Principal  Compounds.— Silver 
Ores.— The  Patio  Process.— The  Kazo,  Fondon,  Krohnke,  and  Tina  Processes.— The  Pan 
Process.— Roast  Amalgamation.— Treatment  of  Tailings  and  Concentration.— Retorting, 
Melting,  and  Assaying  — Chloridising-Roasting. — The  Augustin,  Claudet,  and  Ziervogel 
Processes.- The  Hypo-Sulphite  Leaching  Process.— Refining.— Matte  Smelting.— Pyritic 
Smelting. — Matte  Smelting  in  Reverberatories. — Silver-Copper  Smelting  and  Refining.— 
Index. 

"A  large  amount  of  valuable  information  in  a  convenient  iovm."— Mining' 
Journal, 


In  Large  8vo.    Handsome  Cloth.    Fully  Illustrated.   With  Diagrams,  andi 
a  Beautiful  Series  of  Photo-micrographs,  and  Frontispiece  in  Colour. 

^  L  L  O  S 

AND    THEIR   INDUSTEIAIi  APPLICATIONS. 


By    EDWARD    F.   LAW,  A.KS.M. 

Contents.  —  Introduction.  —  Properties  of  Alloys.  — Methods  of  Investigation. — 
Constitution.— Influence  of  Temperature  on  Properties. — Corrosion  of  Alloys.— Copper 
Alloys,  Brass,  Special  Bronzes. — German  Silver  and  Miscellaneous  Copper  Alloys. — 
White  Metal  Alloys.— Anti-Friction  Alloys.— Aluminium  Alloys.  —  Silver  and  Gold 
Alloys. — Iron  Alloys. — Miscellaneous  Alloys  (Amalgams,  &c.). — Index. 
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GRIFFIN'S  METALLURGICAL  SERIES. 


Third  Edition,  Revised.    With  Numerous  Illustrations.    Large  8vo. 
Handsome  Cloth.    25s.  net. 

With  Additional  Chapter  on  The  Electric  Smelting  of  Steel. 

THE  METALLURGY  OF  STEEL. 

B  y  F.  W.  HARBORD,  Assoc.R.S.M.,  F.I.C., 

Consulting  Metallurgist  and  Analytical  Chemist  to  the  Indian  Government, 
Royal  Indian  Engineering  College,  Coopers  Hill. 

With  37  Plates,  280  Illustrations  in  the  Text,  and  nearly  100  Micro- 
Sections  of  Steel,  and  a  Section  on 

THE   MECHANICAL   TREATMENT   OF  STEEL. 

By   J.   W.  HALL,  A.M.Inst. C.E. 

Abridged  Contents. — The  Plant,  Machinery,  Methods  and  Chemistry  of  the  Bessemer 
and  of  the  Open  Hearth  Processes  (Acid  and  Basic). — The  Mechanical  Treatment  of  Steel 
comprising  Mill  Practice,  Plant  and  Machinery.  —  The  Influence  of  Metalloids,  Heat 
Treatment,  Special  Steels,  Microstructure,  Testing,  and  Specifications. 

A  work  which  we  venture  to  commend  as  an  invaluable  compendium  of  information  upon 
the  metallurgy  of  steel."— /ro7i  and  Coal  Trades'  Review. 

The  Engineer  says,  at  the  conclusion  of  a  review  of  this  book  :— "We  cannot^  conclude  without 
earnestly  recommending  all  who  may  be  interested  as  makers  or  users  of  steel,  which  practically 
means  the  whole  of  the  engineering  profession,  to  make  themselves  acquainted  with  it  as  speedily 
as  possible,  and  this  may  be  the  more  easily  done  as  the  published  price,  considering  the  size 
of  the  book,  is  extremely  moderate." 


Third  Edition,  Revised  and  Enlarged.    With  many  new  Plates. 

16s.  net. 

THE  METALLURGY  OF  IRON. 

By  THOMAS  TURNER,  Assoc.R.S.M.,  F.I.C., 

Professor  of  Metallurgy  in  the  University  of  Birmingham. 

In  Large  8vo,  Handsome  Cloth,  With  Numerous  Illustrations 
(many  from  Photographs). 

General  Contents.— Ea,T\y  History  of  Iron.— Modern  History  of  Iron.— The  Age  of  Steel. 
—Chief  Iron  Ores.— Preparation  of  Iron  Ores.— The  Blast  Furnace.— The  Air  used  in  the 
Blast  Fm-nace.  —  Keactions  of  the  Blast  Furnace. — The  Gaseous  Products  of  the  Blast 
I'urnace— The  Fuel  used  in  the  Blast  Furnace.- Slags  and  Fuxes  of  Iron  Smelting.— 
Properties  of  Oast  iron.  —  Foundry  Practice.  —  Wrought  Iron.  —  Indirect  Production  of 
Wrought  Iron.— The  Puddling  Process.— Further  Treatment  of  Wrought  Iron.  — Corrosion 
of  Iron  and  Steel. 

"  A  MOST  VALUABLE  SUMMARY  of  knowledge  relating  to  every  method  and  stage 
in  the  manufacture  of  cast  and  wrought  iron  .  .  .  rich  in  chemical  details.  .  ,  , 
Exhaustive  and  thoroughly  uf-to-datk Bulletin  of  the  American  Iron 
cmd  Steel  Association, 

'*  This  is  A  delightful  book,  giving,  as  it  does,  reliable  information  on  a  subject 
becoming  every  day  more  elaborate. " — Colliery  Guardian. 

"A  thoroughly  useful  book,  which  brings  the  subject  up  to  date.  Of 
GREAT  VALUE  to  those  engaged  in  the  iron  industry." — Mining  Journal, 


For  Professor  Turner's  Lectures  on  Iron- Founding,  see  page  68. 
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CHARLES  QRIFFIN  db  CO.'S  PUBLIGATIONH. 


Tenth  Edition.    With  Tables  and  Illustrations.     Cloth,  los.  6d. 

A   TEXT-BOOK  OF  ASSAYING: 

For  the  use  of  Students,  Mine  Managers,  Assayera,  &c. 
By  J.  J.  BERINGER,  F.I.C.,  F.C.S., 

Public  Analyst  for,  and  Lecturer  to  the  Mining  Association  of,  Cornwall, 

And  C.  BERINGER,  F.C.S., 

Late  Chief  Assayer  to  the  Rio  Tinto  Copper  Company,  London, 

General  Contents.  —  Part  I.  —  Introductory  ;  Manipulation  :  Sampling  ; 
'Drying ;  Calculation  of  Results — Laboratory-books  and  Reports.  Methods  :  Dry  Gravi- 
?'3ietnc ;  Wet  Gravimetric— Volumetric  Assays:  Titrometric,  Colorimetric,  Gasometric — 
Weighing  and  Measuring — Reagents — Formulae,  Equations,  &c. — Specific  Gravity. 

Part  II. — Metals  :  Detection  and  Assay  of  Silver,  Gold,  Platinum,  Mercury,  Copper, 
^Lead,  Thallium,  Bismuth,  Antimony,  Iron,  Nickel,  Cobalt,  Zinc,  Cadmium,  Tin,  Tungsten, 
Titanium,  Manganese,  Chromium,  &c. — Earths,  Alkalies. 

Part  III. — Non-Metals:  Oxygen  and  Oxides;  The  Halogens — Sulphur  and  Sul- 
phates— Arsenic,  Phosphorus,  Nitrogen — Silicon,  Carbon,  Boron — Useful  Tables. 

"A  really  meritorious  work,  that  may  be  safely  depended  upon  either  for  systematic 
mstruction  or  for  reference.*' — Nature. 

"This  work  is  one  of  the  best  of  its  kind." — Engineer. 


In  Crown  8vo.    Handsome  Cloth.    Fully  Illustrated.    3s.  net. 
AN   INTRODUCTION  TO 

PRACTICAL  METALLURGY. 

By  prof.  THOMAS  TURNER,  A.R.S.M.,  F.I.C., 

Professor  of  Metallurgy  in  the  University  of  Birmingham. 
Contents.— Introduction.— Sampling  and  Weighing.— Metals  and  Alloys.— Oxidation 
and  Reduction. — Examination  of  Fire  Clay. — Slags  and  Fluxes.— Examination  of  Fuel. — 
Iron  Ores.— Determination  of  Muffle  Temperatures.— Silver  and  Silver  Assay. — Assay  of 
Silver  Bullion. — Assay  of  Silver  Ores. — Gold  Assay. — Assay  of  Gold  Ores. — Properties 
of  Mercury.  —  Micro-Structure  of  Metals.  —  Iron  and  Steel.  —  Electro-Deposition.  — 
Appendix.— Index. 

Fourth  Edition,  Revised,    With  JSJumerous  Illustrations.  6s, 
A     TEXT-BOOK  OP 

ELEMENTARY  METALLURGY. 

Including  the  Author's  Pkactical  Laboratory  Course. 
By   a.   HUMBOLDT   SEXTON,   E.I.C,  F.O.S., 

Professor  of  Metallur^  in  the  Glasgow  and  West  ot  Scotland  Technical  College. 

General  Contents.— Introduction.— Properties  of  the  Metals.— Combustion.— Fuels. 
— Pi-efractory  Materials.— Furnaces.— Occurrence  of  the  Metals  in  Nature. — Preparation 
of  the  Ore  for  the  Smelter.— Metallurgical  Processes.— Iron.— Steel.— Copper.— Lead.— 
Zinc  and  Tin.— Silver.  — Gold. —Mercury.— Alloys.  — Applications  of  ELECTRICITY  to 
Metallurgy.  —Laboratory  Course. 

"Just  the  kind  of  work  for  Students  commencing  the  study  of  Metallurgy,  or  for  Engineering 
Students. "—Practical  Engineer. 


In  Large  8vo.    Handsome  Cloth.    Price  4s. 

QUANTITATIVE  METALLURGICAL  ANALYSIS. 

TABLES  FOR  LABORATORY  USE. 

ON  THE  PRINCIPLE  OF  ''GROUP"  SEPARATIONS, 
By  J.  JAMES   MORGAISr,  F.O.S.,  M.S.C.I. 

"The  Author  may  be  congratulated  on  the  way  his  work  has  been  carried  out."— 

The  Engineer.  
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Second  Edition,  Revised,  Enlarged,  and  in  part  Re-written. 
With  Additional  Sections  on  Modern  Theories  of  Electrolysis 
Costs,  &c.    Price  10s.  6d. 

A  TREATISE  ON 

ELECTRO-METALLURGY: 

Embracing  the  Application  of  Electrolysis  to  the  Plating,  Depositing, 
Smelting,  and  Refining  of  various  Metals,  and  to  the  Repro- 
duction of  Printing  Surfaces  and  Art-Work,  &c. 

BY 

WALTER  G.    MCMILLAN,   F.I.C.,  F.C.S., 

Late  Lecturer  in  Metallurgy  at  Mason  College,  Birmingham. 

With  numerous  Illustrations.       Large  Crown  8vo.  Cloth. 

**  This  excellent  treatise,    .    .    .    one  of  the  best  and  most  completr 
manuals  hitherto  published  on  Electro-Metallurgy." — Electrical  Review, 
**  This  vrork  will  be  a  standard." — Jeweller. 

**Any  metallurgical  process  which  reduces  the  cost  of  production 
must  of  necessity  prove  of  great  commercial  importance.  .  .  .  We 
recommend  this  manual  to  all  who  are  interested  in  the  practical 
application  of  electrolytic  processes." — Nature. 


Second  Edition,  Thoroughly  Revised  and  Enlarged.     In  large  8vo. 
With  Numerous  Illustrations  and  Three  Folding-Plates.   21s.  net. 

ELECTRIC  SIELTII&  &  EEEimfr: 

A  Practical  Manual  of  the  Extraction  and  Treatment 
of  Metals  by  Electrical  Methods. 

Being  the     Elektro-Metallurgie  "  of  Dr.  W.  BORCHERS. 

Translated  from  the  Latest  German  Edition  by  WALTER  G.  MCMILLAN, 

F.LC,  F.C.S. 

CONTENTS. 

Part  I. — Alkalies  and  Alkaline  Earth  Metals  :  Magnesium, 
Lithium,  Beryllium,  Sodium,  Potassium,  Calcium,  Strontium,  Barium, 
the  Carbides  of  the  Alkaline  Earth  Metals. 

Part  II. — The  Earth  Metals:  Aluminium,  Cerium,  Lanthanum, 
Didymium. 

Part  III. — The  Heavy  Metals  :  Copper,  Silver,  Gold,  Zinc  and  Cad- 
mium, Mercury,  Tin,  Lead,  Bismuth,  Antimony,  Chromium,  Molybdenum, 
Tungsten,  Uranium,  Manganese,  Iron,  Nickel,  Cobalt,  and  the  Platinum 
Group. 

"  Comprehensive  and  authoritative  .  .  .  not  only  full  of  valuable  infor- 
mation, but  gives  evidence  of  a  thorough  insight  into  the  technical  value  and 
possibilities  of  all  the  methods  discussed."— TAe  Electrician. 

"  Dr.  Borchers'  well-known  work  .  .  .  must  of  necessity  be  acquired  by 
every  one  interested  in  the  subject.  Excellently  put  into  English  with  additional 
matter  by  Mr.  M.^MiLhA.^."— Nature. 

"  Will  be  of  great  service  to  the  practical  man  and  the  Student. "—^Zecinc  Smelting. 
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In  Medium  Svo.    Handsome  Cloth,    Fully  Illustrated.    15s.  net. 

GENERAL  FOUNDRY  PRACTICE: 

A  Practical  Handbook  for  Iron,  Steel  and  Brass  Founders, 
Metallurgists,  and  Students  of  Metallurgy. 
By  a.  M^WILLIAM,  A.R.S.M.,  and  PERCY  LONGMUIR. 

Contents.— Introduction.— General  Properties  of  Matter.— Moulding  Sands.— Facing 
.Sands  and  Facings.  —  Foundry  Tools.  —  Moulding  Boxes.  —  Handling  Material  in  the 
Foundry.  —  Open  Sand  Moulding. — Cores. — Elementary  Aspects  of  Moulding. — Green 
Sand  Moulding. — Securing  Cores  in  Moulds. — Moulding  from  Guides. — Bench,  Oddside, 
and  Plate  Moulding. — Machine  Moulding.— Dry  Sand  Moulding. — Loam  Moulding. — 
Chill  Casting. — Casting  on  other  Metals. — Burning. — Weighting  and  Binding  Materials. 
— Shrinkage,  Contraction,  and  Warping. — Dressing  Castings. — Common  Faults  due  to 
Mould  and  Pattern. — Malleable  or  Wrought  Iron,  Steel  and  Malleable  Cast  Iron. — Cast 
Iron. — Refractory  Materials. — Fuels  and  Furnaces. — Mixing  by  Analysis. — Pi^emelting. — 
Working  the  Cupola.— Further  Treatment  of  Cast  Iron.— High  Temperature  Measure- 
ment.—  Steel. —  Notes  on  Metals  other  than  Iron.  —  Alloys.— Mechanical  Testing. — 
Micrographic  Analysis. — Common  Faults. — Foundry  Management. — Index. 

"  The  student  of  foundry  work  .  .  .  needs  no  other  text-book.  .  .  .  The  book 
contains  a  tremendous  amount  of  information,  and  is  well  wYiiiew."— Engineer ing  Times. 


Extra  Crown  Svo,     With  48  Illustrations.    3s.  Qd.  net. 

LECTURES  ON  IRON-FOUNDING. 

By  THOMAS  TURNER,  M.Sc,  A.R.S.M.,  F.I.C., 

Professor  of  Metallurgy  in  the  University  of  Birminghan,. 

Contents.— Varieties  of  Iron  and  Steel.— Application  of  Cast  Iron.— History.— Pro- 
duction.—  Iron  Ores. — Composition. — The  Blast  Furnace. — Mftterials. — Keactions. — 
Grading  Pig  Iron.  —  Carbon,  Silicon,  Sulphur,  Phosphorus,  Manganese,  Aluminium, 
Arsenic,  Copper,  and  Titanium.— The  Foundry. — General  Arrangement. — He-melting 
Cast  Iron. —  The  Cupola. —  Fuel  Used. —  Changes  due  to  Re-melting.  —  Moulds  and 
Moulding. — Foundry  Ladles. — Pouring  and  Pouring  Temperature. — Common  Troubles. — 
Influence  of  Shape  and  Size  on  Strength  of  Castings. — Tests. 

*' Ironfounders  will  find  much  information  in  the  book." — Iron  Trade  Circular 
.  {Ryland's).  

In  Large  4^o,  Library  Style.    Beautifully  Illustrated  with  20  Plates,  many 
in  Colours,  and  94  Figures  in  the  Text.    £2,  2s.  net. 

I>RECIOXJS  STONES: 

Their  Properties,  Oeeurrences,  and  Uses. 

A   Treatise  for  Dealers,  Manufacturers,  Jewellers,  and  for  all 
Collectors  and  others  interested  in  Gems. 

By  Dr.  MAX  BAUER,  of  the  University  of  Marburg. 

Translated  by  L.  J.  SPENCER,  M.A.  (Cantab.),  F.G.S. 

"  The  plates  are  remarkable  for  their  beauty,  delicacy,  and  truthfulness.  A  glance  at 
them  alone  is  a  lesson  on  precious  stones,  Mdiilst  the  perusal  of  the  work  itself  should 
add  a  new  interest  to  any  casket  of  jewels  or  cabinet  of  gems,  or  even  to  a  jewellers' 
window." — AthencBum. 


In  Large  Grown  Svo,    With  Numerous  Illustrations,    8s,  6d, 

THE  ART  OF  THE  GOLDSMITH  AND  JEWELLER. 

A  Manual  on  the  Manipulation  of  Gold  and  the 
Manufacture  of  Personal  Ornaments. 
By   THOS.   B.  WIGLEY, 

Headmaster  of  the  Jewellers  and  Silversmiths'  Assoc.  Tech.  School,  Birmingham. 

Assisted  by  J.  H.  STANSBIE,  B.Sc.  (Lond.),  F.I.O., 

 Lecturer  at  the  Birmingham  Municipal  Technical  School.  
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Third  Edition,  Revised,  Enlarged,  and  Re-issued.    Price  6s.  net. 
A  SHORT  MANUAL  OF 

I  N  ORGANIC  CHEMISTRY. 

By  a.  DUPRE,  Ph.D.,  F.R.S., 
And  WILSON  HAKE,  Ph.D.,  F.I.O.,  F.C.S., 

Of  the  Westminster  Hospital  Medical  School. 

"An  example  of  the  advantages  of  the  Systematic  Treatment  of  a  Science 
over  the  fragmentary  style  so  generally  followed.  By  a  long  way  the  best  of  the  small 
Manuals  for  Students." — Analyst. 


In  Handsome  Cloth.    With  nearly  50  Illustrations.    3s.  6d.  net. 

THE  ELEMENTS  OF  CHEMICAL  ENGINEERING. 

By  J.  GROSSMANN,  M.A.,  Ph.D.,  F.I.C. 

WITH  A  PREFACE  BY 

SiK  WILLIAM  RAMSAY,  K.C.B.,  F.R.S. 

Contents.— The  Beaker  and  its  Technical  Equivalents.— Distilling  Flasks,  Liebig's 
Condensers.— Fractionating  Tubes  and  their  Technical  Equivalents.— The  Air -Bath  and 
its  Technical  Equivalents. — The  Blowpipe  and  Crucible  and  their  Technical  Equivalents. 
—The  Steam  Boiler  and  other  Sources  of  Power. — General  Remarks  on  the  Application 
of  Heat  in  Chemical  Engineering.— The  Funnel  and  its  Technical  Equivalents.— The 
Mortar  and  its  Technical  Equivalents. — Measuring  Instruments  and  their  Technical 
Equivalents. — Materials  Used  in  Chemical  Engineering  and  their  Mode  of  Application. — 
Technical  Research  and  the  Designing  of  Plant.— Conclusion.— Chemicals  and  Materials. 
—Index. 

"Excellent.  .  .  .  Every  student  of  chemistry  attending  a  technical  course  should- 
obtain  a  copy.  '—Chemical  News. 


LABORATORY  HANDBOOKS  BY  A.  HUMBOLDT  SEXTON,. 

Professor  of  Metallurgy  in  the  Glasgow  and  West  of  Scotland  Technical  College. 


OUTLINES  OF  QUANTITATIVE  ANALYSIS. 

FOR  THE  USE  OF  STUDENTS. 
With  Illustrations.    Fifth  Edition.    Crown  8vo,  Cloth,  3s. 
*'  A  COMPACT  LABORATORY  GUIDE  for  beginners  was  wanted,  and  the  want  hae- 
been  well  supplied.    ...    A  good  and  nsefol  book." — Lancet, 


OUTLINES  OF  QUALITATIVE  ANALYSIS. 

FOR  THE  USE  OF  STUDENTS. 

With  Illustrations.  Fourth  Edition,  Revised.  Crown  8vo,  Cloth,  3s.  6d.. 

"  The  work  of  a  thoroughly  practical  chemist." — British  Medical  Journal. 
"  Compiled  with  great  care,  and  will  supply  a  w&nV— Journal  of  Education. 


ELEMENTARY  METALLURGY 

Including  the  Author's  Practical  Laboratory  Course. 


[See  p.  66. 
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CHEMISTRY  AND  TECHNOLOGY, 


"The  authors  have  sdccbedrd  beyond  all  expectations,  and  have  produced  a  work  which- 
should  give  fresh  power  to  the  Engineer  and  Manufacturer."— T/i6  Times. 

In  Two  Vols.,  Large  8vo.    With  Illustrations.    Sold  Separately. 

CHEMISTRY  FOR  ENGINEERS 
AND  MANUFACTURERS. 

A  PRACTICAL  TEXT-BOOK. 

BY 

EERTHAM  BLOUNT,  F.I.C.,  &  A.  G.  BLOXAM,  F.I.O, 

CHEMISTRY  OF  ENGINEERING,  BUILDING,  AND 
METALLURGY. 

General  (7o/i^e/z^.9.— INTRODUCTION— Chemistry  of  the  Chief  Materials 
of  Construction— Sources  of  Energy— Chemistry  of  Steam-raising— Chemis- 
try  of  Lubrication  and  Lubricants— Metallurgical  Processes  used  in  th& 
Winning  and  Manufacture  of  Metals. 

VOlLiTUriVEE:    IX.      Px*lce  X6s. 

Second  Edition,  Thoroughly  Revised.     Illustrated.  16s. 

THE  CHEMISTRY  OF  MANUFACTURING 
PROCESSES. 

General  (7o^ie/i^s.— Sulphuric  Acid  Manufacture— Alkali,  &c.— Destructive 
Distillation —Artificial  Manure— Petroleum— Lime  and  Cement— Clay  and 
Glass  —  Sugar  and  Starch  —  Brewing  and  Distilling  —  Oils,  Resins,  and 
Varnishes— Soap  and  Candles  —  Textiles  and  Bleaching  —  Colouring 
Matters,  Dyeing,  and  Printing  —  Paper  and  Pasteboard  —  Pigments  and 
Paints  —  Leather,  Glue,  and  Size  —  Explosives  and  Matches  —  Minor 
Manufactures. 

"  Certainly  a  good  and  useful  book,  constituting  a  pkactical  guide  for  students  b^r 
affording  a  clear  conception  of  the  numerous  processes  as  a  whole." —CAemtca^  Tradt 
Journal. 


Second  Edition.    In  Large  8vo.    Handsome  Cloth.    With  800  pages 
and  154  Illustrations.    25s.  net. 

OILS,  FATS,  BUTTERS,  AND  WAXES : 

THEIR  PREPARATION  AND  PROPERTIES,  AND  MANUFACTURE  THERE- 
FROM OF  CANDLES,  SOAPS,  AND  OTHER  PRODUCTS. 

By  C.  R.  alder  WRIGHT,  D.Sc,  F.R.S., 

Late  Lecturer  on  Chemistry,  St.  Marv's  Hospital  Medical  School ;  Examiner 
in  "  Soap"  to  the  City  and  Guilds  of  London  Institute. 

Thoroughly  Revised,  Enlarged,  and  in  Part  Rewritten 

By  C.  AINSWORTH  MITCHELL,  B.A.,  F.LC,  RCS. 

"Will  be  found  absolutely  indispensable." — The  Analyst. 

"Will  rank  as  the  Standard  English  Authority  on  Oils  and  Fats  for  many 
years  to  come." — Industries  and  Iron. 
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Fifth  Edition,  Thoroughly  Revised,  Greatly  Enlarged  and  Re-written. 
With  additional  Tables,  Plates,  and  Illustrations.  21s. 

FOODS :  THEIR  COMPOSITION  AND  ANALYSIS. 


By  a.  WYNTEE,  BLYTH,  M.R.C.S.,  F.I.C.,  F.C.S., 

Barrister-at-Law,  Public  Analyst  for  the  County  of  Devon,  and 
Medical  Officer  of  Health  for  St.  Marylebone. 

And  M.  WYNTER  BLYTH,  B.A.,  B.Sc,  F.C.S. 

General  Contents.— History  of  Adulteration.— Legislation.— Apparatus.— "Ash."— 
Sugar, — Confectionery. — Honey. — Treacle.— Jams  and  Preserved  Fruits.  —  Starches. — 
Wheaten-Flour.— Bread.  —Oats.  —  Barley.  —  E,ye.  —  Rice.  —  Maize.  —  Millet.— Potatoes.— 
Peas.— Lentils.— Beans  —  Milk.  — Cream.— Butter.— Oleo-Margarine.— Cheese.— Lard.- 
Tea.— Coffee.— Cocoa  and  Chocolate.  —  Alcohol.— Brandy.— E.um.— Whisky.— Gin.— 
Arrack. —  Liqueurs. —  Absinthe. — Yeast.  —  Beer.  —  Wine.  — Vinegar.  —  Lemon  and  Lime 
•Juice. — Mustard. — Pepper. — Sweet  and  Bitter  Almonds. — Aimatto. — Oilve  Oil. — Water 
Analysis.— Appendix  :  Adulteration  Acts,  <fcc. 

"  A  new  edition  of  Mr.  Wynter  Blyth's  Standard  work,  enriched  with  axl  the  rkceitt 
DISCOVERIES  AND  IMPROVEMENTS,  wiU  be  accepted  as  a  boon."— O^mtca^  News. 


Fourth  Edition,  Thoroughly  Revised.     In  Large  8vo,  Cloth,  with 
Tables  and  Illustrations.    21s.  net. 

POISONS :  THEIR  EFFECTS  AND  DETECTION. 

By  a.  WYNTER  BLYTH,  M.R.C.S.,  F.LC,  F.O.S., 

Barrister-at-Law,  Public  Analyst  for  the  County  of  Devon,  and 
Medical  Officer  of  Health  for  St.  Marylebone. 

GENERAL  Contents. — I.— Historical  Introduction.  II.— Classification- Statistics — 
Connection  between  Toxic  Action  and  Chemical  Composition — Life  Tests — General 
Method  of  Procedure— The  Spectroscope— Examination  of  Blood  and  Blood  Stains. 
III. — Poisonous  Gases.  IV. — Acids  and  Alkalies.  V. — More  or  less  Volatile  Poisonous 
Substances.  VI. — Alkaloids  and  Poisonous  Vegetable  Principles.  VII. — Poisons  derived 
from  Living  or  Dead  Animal  Substances.  VIII. — The  Oxalic  Acid  Group.  IX. — 
Inorganic  Poisons.  Appendix:  Treatment,  by  Antidotes  or  otherwise,  of  Cases  of 
Poisoning. 

Undoubtedly  THE  most  complete  work  on  Toxicology  in  our  language."— Analyst. 
"As  a  PRACTICAL  GUIDE,  we  know  NO  BETTER  work."— 27ie  Lancet  (on  the  Third  Edition). 


Crown  8vo,  Handsome  Cloth.     Fully  Illustrated.     ids.  6d, 

FLESH  FOODS: 

With  Methods  for  their  Chemical,  Microscopical,  and  Bacterio- 
logical Examination. 

A  Practical  Handbook  for  Medical  Men,  Analysts,  Inspectors  and  others. 
By  C.  AINSWORTH  MITCHELL,  B.A.,  F.I.C.,  F.C.S. 

'*  A  compilation  which  will  be  most  useful  for  the  class  for  whom  it  is  intended."— A ihenaum. 
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Second  Edition.    With  Numerous  Tables,  Fully  Illustrated. 

DAIRY  CHEMISTRY 

'FOR  DAIRY  MANAGERS,   CHEMISTS,  AND  ANALYSTS 
A  Practical  Handbook  for  Dairy  Chemists  and  others 
having  Control  of  Dairies. 

By  H.  droop  RICHMOND,  F.I.C, 

CHEMIST  TO  THE  AYLESBURY  DAIRY  COMPANY. 

Conte?its. — I.  Introductory. — The  Constituents  of  Milk.  II.  The  Analysis  ot 
Milk.  III.  Normal  Milk  :  its  Adulterations  and  Alterations,  and  their  Detection. 
IV  The  Chemical  Control  of  the  Dairy.  V,  Biological  and  Sanitary  Matters, 
VI.  Butter.  VII.  Other  Milk  Products.  VIII.  The  Milk  of  Mammals  other 
than  the  Cow. — Appendices. — Tables. — Index. 

"  .  .  .  In  our  opinion  the  book  is  the  best  contribution  on  the  subject  that 
HAS  YET  APPEARED  in  the  English  language." — Lancet  (on  the  First  Edition). 


Fully  Illustrated.    With  Photographs  of  Various  Breeds  of  Cattle,  &c. 

MILK:  ITS  PRODUCTION  (ft  USES. 

^ith  Chapters  on  Dairy  Farming,  The  Diseases  of  Cattle,  and  on  the 
Hygiene  and  Control  of  Supplies. 

By   EDWARD   F.  WILLOUGHBY, 

M.D.  (Lend.),  D.P.H.  (Lend,  and  Camb.). 

"We  cordially  recommend  it  to  everyone  who  has  anything  at  all  to  do  with  milk." — 
Dairy  World. 

In  Crown  8vo,  Fully  Illustrated.     2s.  6d.  net. 
THE  LABORATORY  BOOK  OF 

DAIRY  ANALYSIS. 

By  H.  droop  RICHMOND,  F.I.C, 

Analyst  to  the  Aylesbury  Dairy  Co.,  Ltd. 

Without  doubt  the  best  contribution  to  the  literature  of  its  subject  that  has  ever  been 
written. " — Medical  Times. 


At  Press.    In  Crown  8vo.    Handsome  Cloth.  Illustrated. 

SOIL  BACTERIA. 

By  JAMES  OLARK,  M.A.,  D.Sc,  A.RO.S., 

Principal  of  the  Central  Technical  Schools  for  Cornwall. 

Contents.  —  The  Micro-organisms  of  the  Soil,  cheir  Appearance,  Growth,  Repro- 
duction, Activity  and  Conditions  of  Existence.— Soil  Bacteria  and  their  Relations  to 
Organic  Matter.— Decomposition  and  Putrefaction. — Formation  and  Nature  of  Humus  ; 
Decomposition  of  Farm-yard  Manure,— Effects  of  Tillage  Operations  and  of  Various 
Manures  on  the  Decomposition  of  the  Organic  Matters  in  the  Soil.— Fixation  of  Free 
Nitrogen  by  Bacteria  Living  in  Symbiosis  with  Higher  Plants. — Nitragin. — Fixation 
of  Free  Nitrogen  by  the  Soil.  —  Alinit.  —  Nitrification.  —  Denitrification.  —  Conditions 
and  Treatment  Favourable  for  the  Increase  of  Soil  Nitrogen  and  for  the  Process 
of  Nitrification. — Soil  Bacteria  which  are  of  Minor  Importance. 
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In  Large  8vo.    Handsome  Cloth. 

AGRICULTURAL  CHEMISTRY  AND  ANALYSIS : 

A  PRACTICAL  HANDBOOK  FOR  THE  USE  OF  AGRICULTURAL  STUDENTS. 
By  J.  M.  H.  MUNKO,  D.Sc,  F.I.C.,  F.C.S., 

Professor  of  Chemistry,  Downton  College  of  Agriculture, 

  [In  Preparation. 

In  Large  8vo.    Handsome  Cloth.    With  numerous  Illustrations. 

JEach  Volume  Complete  in  Itself,  and  Sold  Separately. 

TECHNICAL  MYCOLOGY: 

The  Utilisation  of  Micro-organisms  in  the  Arts  and  Manufactures, 
By   Dr.   FRANZ  LAFAR, 

Prof,  of  Fermentation-Physiology  and  Bacteriology  in  the  Technical  High  School,  Vienna. 

With  an  Introduction  by  Dr.  EMIL  CHU.  HANSEN,  Principal  of  the  Carlsberg 
Laboratory,  Copenhagen. 

Translated  by  CHARLES  T.  C.  SALTER. 
Vol  I.-SCHIZOMYCBTIC  FERMB3NTATION.  15s. 
Vol  II.,  Papt  I.-BUMYCETIC  FERMENTATION.  7s.  6d. 
Vol.  II.,  PaPt  II.—  [At  Press  and  will  he  Ready  ShortlyL. 

"The  first  work  of  the  kind  which  can  lay  claim  to  completeness  in  the  treatment  of 
a  fascinating  subject.  The  plan  is  admirable,  the  classification  simple,  the  style  is  good, 
and  the  tendency  of  the  whole  volume  is  to  convey  sure  information  to  the  reader." — 
Lancet   

Crown  8vo,  Handsome  Cloth.     With  Diagrams.     7s.  6d.  net. 
[Companion  Volume  to    FERMENTS,"  by  the  same  Author.'] 

TOXINES    AND  ANTITOXINES. 

By  OARL  OPPENHEIMER,  Ph.D.,  M.D., 

Of  the  Physiological  Institute  at  Erlangen. 
Translated  from  the  German  by 
C.  AINSWORTH  MITCHELL,  B.A.,  F.I.C.,  RC.S. 

With  Notes,  and  Additions  by  the  Author,  since  the  publication  of  the  German  Edition. 

"For  wealth  of  detail,  we  have  no  small  work  on  Toxines  which  equals  the  one 
under  review." — Medical  Times. 


In  Crown  8vo,  Handsome  Cloth.     Price  7s.  6d.  net. 

FERMENTS  :  AND  THEIR  ACTIONS. 

A  Text-book  on  the  Chemistry  and  Physics  of  Fermentative  Changes^ 

By  carl   OPPENHEIMER,   Ph.D.,  M.D. 
Translated  by  C.  AINSWORTH  MITCHELL,  B.A.,  F.LC,  F.C.S. 

Abridged  Contents.— Introduction.— Definition.— Chemical  Nature  of  Ferments. — 
Influence  of  External  Factors. — Mode  of  Action. — Physiological  Action. — Secretion. — 
Importance  of  Ferments  to  Vital  Action. — Proteolytic  Ferments. — Trypsin.— Bacteriolytic 
and  Hsemolytic  Ferments.— Vegetable  Ferments.— Coagulating  Ferments.— Saccharifying. 
Ferments.  —  Diastases.  —  Polysaccharides.  —  Enzymes.  —  Ferments  which  decompose 
Glucosides. — Hydrolytic  Ferments. — Lactic  Acid  Fermentation. — Alcoholic  Fermenta- 
tion.—Biology  of  Alcoholic  Fermentation.— Oxydases.— Oxidising  Fermentation.— Bibli- 
ography.— Index. 

"  Such  a  veritable  multum  in  parvo  has  never  yet  appeared." — Brewers'  Journal. 
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Third  Edition.    In  Handsome  Cloth.    Fully  Illustrated.    21s.  net. 

PRINCIPLES  AND  PRACTICE  OF  BREWING. 

FOR  THE  USE  OF  STUDENTS  AND  PRACTICAL  MEN. 

By  Walter  j.  sykes. 

Revised  by  ARTHUR  R.  LING,  F.I.C.,  F.C.S., 

Editor  of  the  Journal  of  the  Institute  of  Brewing. 

Contents.  -Physical  Principles  Involved.  —  The  Chemistry  of  Brewing. —  The 
Microscope.  —  Vegetable  Biology.  —  Fermentation.  —  Water.  —  Barley  and  Malting.  — 
Arrangement  of  Brewery  Plant.— Quantities  of  Materials.— Fermentation.— Antiseptics. 
—Finings.— Characteristics  of  Beer.— Diseases  of  Beer.— Index. 

"  A  thorough  and  comprehensive  text-book  .  .  .  up-to-date  ,  .  .  a  standard 
text-book."— jBrezt'er.s'  Journal. 


In  Crown  8vo.    Handsome  Cloth.   Fully  Illustrated.   6s.  net. 

PEAT:     Its   Use   and  Wlanufacture. 

By  PHILIP  R.  BJORLING,  Consulting  Hydraulic  Engineer, 
And  FREDERICK  T.  GISSING. 

General  Contents.— Introduction.— The  Formation  of  Peat.— Area  and  Depth  of  Bogs  in 
Principal  Countries.— Manufacture  of  Peat  Fuel,  &c.— Cut  Peat,  Dredged  Peat,  and  Manufactured 
Peat.— Machinery  employed  in  the  Manufacture  of  Peat  Fuel.— Peat  Moss  Litter,  and  the  Machinery 
employed  in  its  Manufacture.— Peat  Charcoal  and  its  Manufacture.— Cost  of  making  Peat  Fuel  and 
Charcoal.— Other  Productions  derived  from  Peat,  such  as  Tar,  Manure,  Candles,  Dj^es,  Paper,  &c. 
— Bibliography.— Index. 

"  A  vast  amount  of  valuable  information  .  ,  .  excellent  illustrations."— Ttmes  JS^iij/meerinfir 
■  Supplement. 

"The  treatment  throughout  is  clear  and  interesting  .   .   .  excellent  plates,"— J^njymeemifl'. 


In  Medium  8vo,  Handsome  Cloth.     Fully  Illustrated.     I2s.  6d.  net. 

PAPER  TECHNOLOGY; 

m  ELEMENTARY  MANUAL  ON  THE  MANUFACTURE,  PHYSICAL  QUALITIES, 
AND  CHEMICAL  CONSTITUENTS  OF  PAPER  AND  OF 
PAPERMAKING  FIBRES. 
With  Selected  Tables  for  Stationers,  Publishers,  and  Others. 
By  R.  W.  SINDALL,  F.C.S. 

Contents. — Introduction.  — Technical  Difficulties  relating  to  Paper. — Rag  Papers. — 
Esparto,  Straw,  Notes  on  Beating. — Wood  Pulp. — Wood  Pulp  Papers. — Packing  Papers  — 
■**Art"  Papers. — The  Physical  Qualities  of  Paper. — The  Chemical  Constituents  of  Paper. 
— The  Microscope. — Fibrous  Materials  used  in  Paper  -  making — Analysis  of  a  Sheet  of 
Paper. — The  C.B  S.  Units. —Cellulose  and  its  Derivatives. — History,  Chronology,  and 
Statistics. —  Dictionary  of  Chemical  Terms. —  Glossary. —  City  and  Guilds  Questions. — 
Index. 

'*  Exceedingly  instructive  and  particularly  useful." — Paper  Makers  Monthly  Journal. 


In  Crown  8vo.    Handsome  Cloth.   With  30  Illustrations.   6s.  net. 

THE   CLAYWORKER'S  HANDBOOK. 

An  Epitome  of  the  Materials  and  Methods  employed  in  Brickmaking  and  Pottery. 
BY  THE  Author  of  *'THE  CHEMISTRY  OF  CLAYWORKIIS'G,"  &c. 

General  Contents.— Materials  used  in  Claj^working  ;  Clays,  Enrobes,  Glazes,  Colours, 
Water,  Fuel,  Oils,  and  Lubricants.— The  Preparation  of  the  Clay,  Mining  and  Quarrying, 
Weathering,  Washing,  Grinding.  Tempering,  and  Pugging.— Machinery ;  Boilers,  Engines,  General 
Machinerjs  l^ieves.  Mixing  Machinery,  Presses,  (fcc.— Dryers  and  Drying.— Engobing  and  Glazing. 
—Setting  or  Charging,  Transport.— Kilns.— Firing.— Discharging,  Sorting,  and  Packing.— Defects 
and  Waste.— Tests,  Analysis  and  Control.— Biblio'JE aphy.— Tables.— Index. 

"We  can  thoroughly  recommend  this  handy  little  book  to  all  our  readers." —^rzcfc  and 
:Fottery  Trades'  Journal. 
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AUTHORISED  ENGLISH  TRANSLATION. 
In  Large  8vo.    Cloth.    With  about  150  Illustrations  and  350  pages. 
A  MANUAL  OF 

THE  PRINCIPLES  OF  SEWAGE  TREATMENT. 

By   Prof.  DUNBAR, 

Director  of  the  Institute  of  State  Hygiene,  Hamburg. 

Translated  by  HARRY  T.  CALVERT,  M.Sc,  Ph.D.,  F.I.C, 

Of  the  West  Riding  of  Yorkshire  Water  Board. 
Professor  Dunbar  presents  the  subject  in  a  logical  and  thoroughly  scientific 
manner,  and  deals,  not  only  with  German  conditions,  but  also  very  largely  with  those 
of  this  country  and  America,  many  of  the  admirable  illustrations  being  English  and- 
American.  ... 


Beautifully  Illustrated,  with  Numerous  Plates,  Diagrams,  and 
Figures  in  the  Text,    21s,  net, 

TRADES'  WASTE: 

ITS  TREATMENT  AND  UTILISATION, 

Handbook  for  Borough  Engineers,  Surveyors,  Architects,  and  Analysts. 

By  W.    NAYLOR,  F.O.S.,  A.M.Inst.C.E., 

Chief  Inspector  of  Rivers,  Ribble  Joint  Committee. 

Contents. — I.  Introduction. — II.  Chemical  Engineering. — III. — Wool  De-greasing: 
and  Grease  Recovery. — IV.  Textile  Industries;  Calico  Bleaching  and  Dyeing. — Y.  Dyeing' 
and  Calico-Printing.— VI.  Tanning  and  Fellmongery.— VII,  Brewery  and  Distillery 
Waste.— VIII.  Paper  Mill  Refuse,— IX.  General  Trades'  Waste.— Index. 

"There  is  probably  no  person  in  England  to-day  better  fltted  to  deal  rationally  with 
such  a  subject." — British  Sanitarian. 


In  Handsome  Cloth.    With  59  Illustrations.    6s.  net. 

SMOKE  ABATEMENT. 

A  Manual  for  the  Use  of  Manufacturers,  Inspectors,  Medical  Officers  of 
Health,  Engineers,  and  Others. 

By  WILLIAM  NICHOLSON, 

Chief  Smoke  Inspector  to  the  Sheffield  Corporation. 
"  We  welcome  such  an  adequate  statement  on  an  important  subject,"— BnYts/a 
Medical  Journal. 


Second  Edition.    In  Medium  8vo.    Thoroughly  Revised  and  Re-Written. 

15s.  net, 

CALCAREOUS  CEMENTS? 

THEIR  NATURE,  PREPARATION.  AND  USES. 

IWitils.   some    Re3m.£(.i?ks   u]pon.   Ceimen.^  □Tesiiln^*- 

By  gilbert  R.  REDGRAVE.  Assoc.  Inst.  C.E., 

Assistant  Secretary  for  Technology,  Board  of  Education,  South  Kensington, 

And  CHARLES  SPACKMAN  F.C.S. 

•*  We  can  thoroughly  recommend  it  as  a  first-class  investment." — Practical  Engineer. 


In  Handsome  Cloth.     Fully  Illustrated. 

A  HANDBOOK  FOR  CEMENT  WORKS'  CHEIVIIST8, 

By  frank  B.  GATEHOUSE,  F.C.S. 

General  Contents.— Introduction. — Chemicals  and  Apparatus. — Books. — Analysis  and 
Calculations  of  Raw  Materials. — Analysis  of  Fuel,  Kiln  Gases,  Lubricants  and  Water. — 
Cement  Analysis.— Gypsum,  Plaster,  &c.,  Burnt  Lime. — Appendicks.— Index.  
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With  Four  Folding  Plates  and  Numerous  Illustrations.    Large  8vo. 

Ss.  6d.  net. 

WATER    S  U  I>  I»  L  Y  : 

A  Practical  Treatise  on  the  Selection  of  Sources  and  the  Distribution  of  Water. 
By  REGINALD  E.  MIDDLETON,  M.Lnst.C.E.,  M.Inst.Mkch.E.,  F.S.I. 

Abridged  Contents.— Introductory.— Requirements  as  to  Quality.— Requirements- 
as  to  Quantity.— Storage  Reservoirs.— Puriflcation.—Service  Reservoirs. — The  Flow 
of  Water  through  Pipes.  —  Distributing  Systems.  —  Pumping  Machines.  —  Special 
Requirements. 

"As  a  companion  for  the  student,  and  a  constant  reference  for  the  technical  man,  we 
anticipate  it  will  take  an  important  position  on  the  bookshelf."— Praciica^  Erigineer. 


In  Large  Crown  8vo.    Fully  Illustrated.    In  Two  Volumes. 

VoLuiYiE  I.    Fourth  Edition.    Price  7s.  6cl.  net. 
,f      II.    Third  Edition.    Ready  Shortly- 

THE  CHEMISTRY  OF 

GJLS     MANUFACTURE  : 

A  Hand-Booh  on  the  Production,  Pun'flcationy  and  Testing  of  Illuminating, 
Gas,  and  the  Assay  of  the  Bye-Products  of  Gas  Manufacture. 

By  W.  J.  ATKINSON  BUTTERFIELD,  M.A.,  F.LC,  F.O.S., 

Formerly  Head  Chemist,  Gas  Works,  Beckton,  London,  E. 
**  The  BEST  WORK  of  its  kind  which  we  have  ever  had  the  pleasure  of  re- 
viewing."— Journal  of  Gas  Lighting, 


With  Diagrams  and  Illustrations.    5s.  net. 

ACETYLENE: 

THE   PRINCIPLES   OP  ITS   GENERATION   AND  USE. 
By  F.  H.  LEEDS,  F.I.C.,  F.C.S., 

Member  of  the  Society  of  Public  Analysts  and  of  the  Acetylene  Association; 

And  W.   J.  ATKINSON  BUTTERFIELD,  M.A.,  F.LC,  F.C.S., 

Consulting  Chemist,  Author  of  "  The  Chemistry  of  Gas  Manufacture." 
*•  Brimful  of  information." — Chem.  Trade  Journal. 

"We  can  thoroughly  recommend  the  book  to  the  manufacturer  as  a  reliable  work 
of  reference,  to  the  user  as  supplying  valuable  hints  on  apparatus  and  methods  of 
procedure,  and  to  the  student  as  a  safe  and  certain  guide." — Acetylene. 


Large  8vo.    Handsome  Cloth.    Price  16s.  net. 

FIRE  AND  EXPLOSION  RISKS: 

A  Handbook  of  the  Detection,  Investigation,  and  Prevention  of  Fires  and  Explosions. 

By   Dr.  YON  SCHWABTZ. 
Translated  from  the  Revised  German  Edition 
By  C.  T.  C.  SALTER. 

Abbridged  General  Contents.— Fires  and  Explosions  of  a  General  Character  — 
Dangers  arising  from  Sources  of  Light  and  Heat.— Dangerous  Gases.— Risks  Attending 
Special  Industries.  —  Materials  Employed.  —  Agricultural  Products.  —  Fats,  Oils,  and 
Resins.— Mineral  Oils  and  Tar.— Alcohol,  &c.— Metals,  Oxides,  Acids,  &c.— Lightning,. 
Ignition  Appliances,  Fireworks. 

"The  work  affords  a  wealth  of  information  on  the  chemistry  of  fire  and  kindred 
topics." — Fire  and  Water. 

*•  A  complete  and  useful  survey  of  a  subject  of  wide  interest  and  vital  importance." — 
Oil  and  Colourman's  Journal. 
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CHARLES  QRIFFIN  dt  CO.'S  PUBLICATIONS. 


Thirteenth  Edition,  Thoroughly  Revised.    The  Appendix  on  Sanitary 
Law  being  Entirely  Re- Written  for  this  Edition.    Price  6s. 

PRACTICAL  SANITATION: 

A  HAND-BOOK  FOR  SANITARY  INSPECTORS  AND  OTHERS 
INTERESTED  IN  SANITATION. 
By  GEORGE  REID,  M.D.,  D.P.H., 

PelioWf  Mem,  Council^  and  Examinery  Sanitary  Institute  of  Great  Britain^ 
and  Medical  Officer  to  the  Staffordshire  County  Council. 

TOlitb  an  SppenMi:  on  Sanitaria  law. 

By    HERBERT    MAN  LEY,    M.A.,    M,B.,  D.P.H., 

Burrisier-at-Law. 

General  Contents.  —  Introduction.  — Water  Supply:  Drinking  Water,  Pollution  of 
Water. — Ventilation  and  Warming. — Principles  of  Sewage  Removal. — Details  of  Drainage  ; 
Refuse  Removal  and  Disposal. — Sanitary  and  Insanitary  Work  and  Appliances. — Details  of 
Plumbers'  Work. — House  Construction. — Infection  and  Disinfection. —  Food,  Inspection  of; 
Characteristics  of  Good  Meat;  Meat,  Milk,  Fish,  &c.,  unfit  for  Human  Food.— Appendix : 
Sanitary  Law  ;  Model  Bye-Laws,  &c. 

"  A  VERY  USEFUL  HANDBOOK,  with  a  very  useful  Appendix.  We  recommend  it  not  only  to  SANITARY 
Inspectors,  but  to  householders  and  all  interested  in  Sanitary  Matters."— 5am/ary  Record. 


In  Handsome  Cloth.    With  53  Illustrations.    3s.  6d.  net. 

LESSONS  ON  SANITATION. 

By  JOHN  WM.  HARRISON,  M.R.San.I., 

Mem.  .ncor.  Assoc.  Mun.  and  County  Engineers;  Surveyor,  Wombwell,  Yorks. 

Contents. — Water  Supply. — Ventilation. — Drainage. — Sanitary  Building  Construction. — 
Infectious  Diseases. — Food  Inspection. — Duties  of  an  Inspector  of  Nuisances  and  Common 
Lodging-Houses. — Infectious  Diseases  Acts. — Factory  and  Workshop  Acts. — Housing  of 
the  Working-Classes  Act. — Shop  Hours  Acts. — Sale  of  Food  and  Drugs  Acts.  The  Mar- 
garine Acts. — Sale  of  Horseflesh,  &c.,  Rivers  Pollution. — Canal  Boats  Act. — Diseases  of 
Animals. — Dairies,  Cowsheds  and  Milkshops  Order. — Model  Bye-Laws. — Miscellaneous. — 
Index. 

"Accurate,  reliable,  and  compiled  with  conciseness  and  care." — Sanitary  Record. 


Second  Edition,  Revised.    In  Crown  8vo.    Handsome  Cloth.  Profusely 
Illustrated.    8s.  6d.  net. 

SANITARY  ENGINEERING: 

A  Practical  Manual  of  Town  Drainage  and  Sewage  and  Refuse  Disposal, 

For  Sanitary  Authorities,  Engineers,  Inspectors,  Architects, 
Contractors,  and  Students. 

By  FRANCIS  WOOD,  A.M.Inst.C.E.,  F.G.S., 

Borough  Engineer  and  Surveyor,  Fulham ;  late  Borough  Engineer,  Bacup,  Lanes. 

GENERAL  CONTENTS. 

Introduction. — Hydraulics.— Velocity  of  Water  in  Pipes.— Earth  Pressures  and  Retaining 
Walls. — Powers. — House  Drainage. — Land  Drainage. — Sewers. — Separate  System. — Sewage 
Pumping. — Sewer  Ventilation. — Drainage  Areas.— Sewers,  Manholes,  &c. — Trade  Refuse. — 
Sewage  Disposal  Works.  —  Bacterial  Treatment.  —  Sludge  Disposal.  —  Construction  and 
■Cleansing  of  Sewers. — Refuse  Disposal.— Chimneys  and  Foundations. 

"The  volume  bristles  with  information  which  will  be  greedily  read  by  those  in  need  of  assistance.  The 
tiook  Is  one  that  ought  to  be  on  the  bookshelves  of  EVERY  PRACTICAL  ETS!GINRRR..''—Sanziary  Journal. 

'•A  VERITABLE  POCKET  COMPENDIUM  of  Sanitary  Engineering.  ...  A  work  which  may,  In 
'Otiany  respects,  be  considered  as  COMPLETE  .  .  ,  commendably  CAUTIOUS  .  .  .  INTERESTING 
.    .    .    S^SGGRSTIVE."— Public  Health  Engineer  
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Vol.  I.  Now  Ready.  In  Half  IYIorocco,  24s.  net. 

I  ft  Two   Volumts^  each  complete  in  itself. 

PHYSICO-CHEMICAL  TABLES 

FOR  THE  USE  OF  ANALYSTS,  PHYSICISTS,  CHEMICAL 
MANUFACTURERS  AND  SCIENTIFIC  CHEMISTS. 

"Volume  I. — Chemical  Engineering,  Physical  Chemistry. 
Tolume  II. — Chemical  Physics,  Pure  and  Analytical  Chemistry. 

{Shortly. 

By  JOHN  CASTELL-EVANS,  F.I.C.,  F.C.S., 

Lecturer  on  Inorganic  Chemistry  and  Metallurgy  at  the  Finsbury  Technical  College. 

The  Tables  may  almost  claim  to  be  exhaustive;  and  embody  and  collate  all  the  most 
1  recent  data  established  by  experimentalists  at  home  and  abroad.  The  volumes  will  be 
found  invaluable  to  all  engaged  in  research  and  experimental  investigation  in  Chemistry  and 
Physics. 

The  Work  comprehends  as  far  as  possible  all  rules  and  tables  required  by  the 
Analyst,  Brewer,  Distiller,  Acid-  and  Alkali-Manufacturer,  &c.,  &c.  ;  and  also  the  prin- 
cipal data  in  Thermo-Chemistry,  Electro-Chemistrv,  and  the  various  branches  of 
Chemical  Physics.  Every  possible  care  has  been  taken  to  ensure  perfect  accuracy,  and 
'  to  include  the  results  of  the  most  recent  investigations. 


Second  Edition.     In  Large  8vo.    Handsome  Cloth.  Beautifully 
Illustrated,    With  Plates  and  Figures  in  the  Text, 

Road  Making  and  Maintenance: 

jl  practical  treatise  for  engineers, 
surveyors,  and  others. 

With  an  Historical  Sketch  of  Ancient  and  Modern  Practice, 
By  THOS.  AITKEK,  Assoc.M.Inst.O.E., 

Member  of  the  Association  of  Municipal  and  County  Engineers;  Member  of  the  Sanitary 
Inst. ;  Surveyor  to  the  County  Council  of  Fife.  Cupar  Division. 

WITH  NUMEROUS  PLATES,   DIAGRAMS,   AND  ILLUSTRATIONS. 

Contents. — Historical  Sketch. — Resistance  of  Traction. — Laying  out 
New  Roads.  —  Earthworks,  Drainage,  and  Retaining  Walls.  —  Road 
Materials,  or  Metal. — Quarrying. — Stone  Breaking  and  Haulage. — Road- 
^Eolling  and  Scarifying. — The  Construction  of  New,  and  the  Maintenance 
"Of  existing  Roads. — Carriage  Ways  and  Foot  Ways. 

"The  Literary  style  is  EXCELLENT.  .  .  .  A  comprehensive  and  excellent  Modern  Book,  an 
"UP-TO-DATE  work.  .  .  .  Should  be  on  the  reference  shelf  of  every  Municipal  and  County 
^Engineer  or  Surveyor  in  the  United  Kingdom,  and  of  every  Colonial  Engineer."— r/i6  Surveyor. 


LONDON:  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET,  STRAND, 


So         GHARLES  GRIFFIN  db  GOJS  PUBLIGATIONS, 


In  Large  8vo.    Handsome  Cloth.    Profusely  Illustrated. 
A  COMPREHENSIVE  TREATISE  ON 

COLOUR  MANUFACTURE. 

Comprising  the  Manufacture,  Investigation,  and  Practical  Application  of 

Pigment  Colours. 

By  GEORGE  ZERR  and  Dr.  R.  RUBENKAMP. 

Translated  by  Dr.  C.  MAYEK,  of  Burgdorf. 


Fourth  Edition,  Revised  and  Enlarged.    With  Illustrations.    12s.  6d, 

PAINTERS'  COLOURS,  OILS,  AND  VARNISHES: 

A   FRAGTICAIi  raANUAI.. 

By  GEORGE   H.   HURST,  F.C.S., 

Member  of  the  Society  of  Chemical  Industry  ;  Lecturer  on  the  Technology  of  Painters' 
Colours,  Oils,  and  Varnishes,  the  Municipal  Technical  School,  Manchester. 

General  Contents. — Introductory— The  Composition,  Manufacture,. 
Assay,  and  Analysis  of  Pigments,  White,  Red,  Yellow  and  Orange,  Green^ 
Blue,  Brown,  and  Black— Lakes— Colour  and  Paint  Machinery— Paint  Vehicles 
(Oils,  Turpentine,  &c.,  &c.) — Driers — Varnishes. 

"  A  THOROUGHLY  PRACTICAL  boolc,  .  .  .  the  ONLY  English  work  that  satisfactorily 
treats  of  the  manufacture  of  oils,  colours,  and  pigments." — Chemical  Trades'  journal. 


In  Crown  8vo.    Handsome  Cloth.    With  Illustrations.  5s. 

THE  PAINTER'S  LABORATORY  GUIDE. 

A  Student's  Handbook  of  Paints,  Colours,  and  Varnishes. 

By  GEORGE  H.  HURST,  F.C.S.,  M.S.C.L 

Abstract  of  Contents.  —  Preparation  of  Pigment  Colours.  —  Chemical  Principles 
Involved. — Oils  and  Varnishes. — Properties  of  Oils  and  Vainishes. — Tests  and  Experiments. 
— Plants,  Methods,  and  Machinery  of  the  Paint  and  Varnish  Manufactures. 

"This  excellent  handbook,  .  .  .  the  model  of  what  a  handbook  should  be." — Oils^ 
Colours^  and  Drysalteries. 


Third  Edition,  Revised.   In  Crown  8vo.  extra.  With  Numerous  Illustra- 
tions and  Plates  (some  in  Colours),  including  Original  Designs.    12s.  6d. 

Painting  and  Decorating: 

A  Complete  Practical  Manual  for  House 
Painters  and  Decorators. 

By  WALTER  JOHN  PEARCE, 

LECTURER  AT  THE  MANCHESTER  TECHNICAL  SCHOOL  FOR  HOUSE-PAINTING  AND  DECORATINO 
•*  A  THOROUGHLY  USEFUL  BOOK     .     .     .     GOOD,  SOUND,  PRACTICAL  INFOR- 

MATION  in  a  CLEAR  and  CONCISE  FORM. " — Plumber  and  Decorator. 

"A  THOROUGHLY  GOOD  AND  RELIABLE  TEXT-BOOK.     .     .     .     So  FULL  and. 

COMPLETE  that  it  would  be  difficult  to  imagine  how  anything  further  could  be- 
added  about  the  Painter's  craft." — Builders'  Journal. 
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Second  Edition.    In  Large  8vo.    Handsome  Cloth.    With  4  Plates 
and  Several  Illustrations.     i6s.  net. 

THE  CHEMISTRY  OF  INDIA  RUBBER. 

A  Treatise  on  the  Nature  of  India  Rubber,  its  Chemical  and  Physical  Examina- 
tion, and  the  Determination  and  Valuation  of  India  Rubber  Substitutes. 
Including  the  Outlines  of  a  Theory  on  Vulcanisation. 
By  carl  otto  WEBER,  Ph.D. 

**  Replete  with  scientific  and  also  with  technical  interest.  .  .  .  The  section  on  physical 
properties  is  a  complete  resntne  of  every  thing  known  on  the  s\xh]tct."— India-rubber  Journal. 


In  Handsome  Cloth.    Fully  Illustrated. 
THE   lYIANUFACTURE   OF   RUBBER  GOODS. 

By  ADOLF  HEIL  and  Dr.  W.  ESCH. 
Translated  by  EDWARD  W.  LEWIS,  A.C.G.I.,  F.C.S., 

Chemist  to  Messrs.  J.  G.  Ingram  &  Son,  London. 

General  Contents. — Raw  Material  and  its  Preparation. — Vulcanisation. — Rubber 
Mixings. — Manufacture  of  Soft  Rubber  Goods. — Manufacture  of  Hard  Rubber  Goods. 
— Regeneration  of  Waste  Rubber. — Specific  Gravity  of  Rubber  Goods. — Index. 


In  Large  Crown  8vo.    Fully  Illustrated.    5s.  net. 

G  L  XJ  GELATINE, 

AND  THEIR  ALLIED  PRODUCTS, 
A  Practical  Handbook  for  the  Manufacturer,  Agriculturist,  and  Student  of  Technology. 

By  THOMAS  LAMBERT, 

Analytical  and  Technical  Chemist. 
Contents.— Historical. — Glue.— Gelatine. — Size  and  Isinglass.— Treatment  of  Efflu- 
ents produced  in  Glue  and  Gelatine  Making. — Liquid  and  other  Glues,  Cements,  &c. — Uses 
of  Glue  and  Gelatine. — Residual  Products. — Analysis  of  Raw  and  Finished  Products. — 
Appendix.— Index. 

"A  sufficient  account  of  modern  methods  of  working,  chiefly  from  a  practical  standpoint. 
A  book    .    .    .    of  real  value." — Chemical  News. 


In  Large  8vo.    Handsome  Cloth.    Fully  Illustrated.    15s.  net. 

XiEATHER   TRAOES'  CHEMISTRY. 

A  Practical  Manual  on  the  Analysis  of  Materials  and  Finished  Products. 

By  S.  R.  TROTMAN,  M.A.,  F.I.C., 

Public  Analyst  for  the  City  of  Nottingham,  Member  of  the  International  Association 
of  Leather  Trades'  Chemists. 
Synopsis  of  Contents.— Standard  Solutions.— Acids,  Alkalies,  &c.— Water,— Depilation 
and  Deliming. — Fleshings,  &c.— Glue.— Spent  Liquors.— Mineral  and  Vegetable  Tanning 
Agents.— Oils. — Soaps. — Varnishes. — Skin.— Leather.  —  Dyestuffs.—  Degreasing  Agents. — 
Effluents. — Glcssary. — I  ndex. 


In  Large  8vo.    Handsome  Cloth.   With  Plates  and  Illustrations.   7s.  6d.  net. 

THE  MANUFACTURE  OF  INK. 

A  Handbook  of  the  Production  and  Properties  of  Printing,  Writing,  and  Copying  Inks. 
By  C.  a.  MITCHELL,  B.A.,  F.I.C.,  F.C.S.,  &  T.  C.  HEPWORTH. 

**  Thoroughly  well  arranged   .   .    .  and  of  a  genuinely  practical  order." — British  Printer . 
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THE     TEXTir^E     USTIDXJSTRIE  &• 

Second  Edition,  Thoroughly  Revised  Throughout.    In  Two  Large 
Volumes.    Handsome  Gloth. 

A   MANUAL  OF  DYEING; 

fOR  THE  USE  OF  PRACTICAL  DYERS,  MANUFACTURERS,  STUDENTS, 
AND  ALL  INTERESTED  IN  THE  ART  OF  DYEING, 

BY 

E.  KNECHT,  Ph.D.,  F.I.C.,         CHR.  RAWSON,  FJ.C,  F.C.S., 

Head  of  the  Chemistry  and  Dyeing  Department  ol        Late  Head  of  the  Chemistry  and  Dyeing  Department 
•<the  Technical  School,  Manchester;  Editor  of  "The        of  the  Technical  College,  Bradford  ;  Member 
Journal  of  the  Society  of  Dyers  and  Colourists ;  "  Council  of  the  Society  of  Dyers  and  Colouristet; 

And  RICHARD  LOEWENTHAL,  Ph.D. 

General  Contents. — Chemical  Technology  of  the  Textile  Fabrics — 
Water — Washing  and  Bleaching  —  Acids,  Alkalies,  Mordants  —  Natural 
Colouring  Matters — Artificial  Organic  Colouring  Matters— Mineral  Colours 
— Machinery  used  in  Dyeing — Tinctorial  Properties  of  Colouring  Matters — 
Analysis  and  Valuation  of  Materials  used  in  Dyeing,  &c. ,  &c. 

"  This  authoritative  and  exhaustive  work  .  .  .  the  most  complete  we  have  yet  seen 
cn  the  subject."— jTeor^eVe  Manufacturer. 


In  Large  Svo,  Handsome  Gloth.     Pp.  i-xv  +  405.     16s.  net, 

THE   SYNTHETIC  DYESTUFFS, 

AND 

THE  INTERMEDIATE  PRODUCTS  FROM  WHICH  THEY  ARE  DERIVED. 

By  JOHN  CANNELL  CAIN,  D.Sc.  (Manchester  and  Tubingen), 

Technical  Chemist, 

And  JOCELYN  FIELD  THORPE,  Ph.D.  (Heidelberg), 
*  Lecturer  on  Colouring  Matters  in  the  Victoria  University  of  Manchester. 
Part  1.  Theoretical.    Part  II.  Practical.    Part  III.  Analytical. 

"  We  have  no  hesitation  in  describing  this  treatise  as  one  of  the  most  valuable  books 
that  has  appeared.  .  .  .  Will  give  an  impetus  to  the  study  of  Organic  Chemistry 
generally." — Cheynical  Trade  Journal. 


Gompanion  Volume  to  Knecht  <b  Rawsori's     Dyeing. In  Large  8vo, 
Handsome  Gloth,  Library  Style.    16s.  net. 
A  DICTIONARY  OF 

DYES,  MORDANTS,  &  OTHER  COMPOUNDS 

USED  IN  DYEING  AND  CALICO  PRINTING. 

With  Formulce,  Properties,  and  Applications  of  the  various  substances  described, 
and  concise  directions  for  their  Commercial  Valuation, 
and  for  the  Detection  of  Adulterants. 

By  CHRISTOPHER  RAWSON,  P.I.C.,  F.C.S., 

Consulting  Chemist  to  the  Behar  Indigo  Planters'  Association;  Co- Author  of  "A  Manual 

of  Dyeing ; " 

WALTER  M.  GARDNER,  F.C.S., 

Head  of  the  Department  of  Chemistry  and  Dyeing,  Bradford  Municipal  Technical  College ; 
Editor  of  the  "  Journ.  Soc.  Dyers  and  Colourists  ; " 

And  W.  F.  LAYOOCK,  Ph.D.,  F.O.S., 

Analytical  and  Consulting  Chemist. 
''Turn  to  the  booli  as  one  may  on  any  subject,  or  any  substance  in  connection  with  the 
trade,  and  a  reference  is  sure  to  be  found    The  authors  have  apparently  left  nothing  out." 
—  Textile  Mercury.  

tONDON :  CHARLES  GRIFFIN  &  CO.  LIMITED.  EXETER  STREET.  STRAND. 


THE  TEXTILE  INDUSTRIES. 


In  Crown  8vo.     Cloth.     With  Numerous  Illustrations.    6s.  net. 

THE  COTTON  WEAVERS'  HANDBOOK. 

A  Practical  Guide  to  the  Construction  and  Costing  of  Cotton  Fabrics, 
witli  Studies  in  Design. 

By    henry    B.  HEYLIN, 

Of  the  Royal  Technical  Institute,  Salford. 
Contents.  — Weaving.— Designing.—  Weaves.— The  Power  Loom  and  its  Accessories.— 
Analysing  or  Dissection  of  the  Cloth.— Cloth  Quoting  or  Costing.— Division  of  the  Cotton 
Industry  in  England.— Yarns  for  Manufacturing  Purposes.— The  Selection  of  Warp  Yarns 
and  Yarn  Testing.— Read  and  Heald  Counting  and  Calculations.— Important  Labour 
Units  in  a  Weaying  Mill.— Miscellany. -Illustrations  of  Machinery.— Examination  Ques- 
tions.— Index. 


Large  8vo.    Profusely  Illustrated  with  Plates  and  Figures  in  the  Text. 

16s.  net. 

THE  SPINNING  AND  TWISTING  OF  LONG 
VEGETABLE  FIBRES 

(FLAX,    HEIVIP,    JUTE,    TOW,    &  RAMIE). 

A  Practical  Manual  of  the  most  /Modern  Methods  as  applied  to  the  Hackling,  Carding, 
Preparing,  Spinning,  and  Twisting  of  the  Long  Vegetable  Fibres  of  Commerce. 

By  HERBERT  R.  CARTER,  Belfast  and  Lille. 
General  Contents.— Long  Vegetable  Fibres  of  Commerce.— Rise  and  Growth  of 
the  Spinning  Industry.— Raw  Fibre  Markets.— Purchasing  Raw  Material.— Storing  and 
Preliminary  Operations.— Hackling.— Sorting.— Preparing._Tow  Carding  and  Mixing.— 
Tow  Combing.— Gill  Spinning.— The  Roving  Frame.— Dry  and  Demi-sec  Spinning.— ^Yet 
Spinning.— Spinning  Waste.— Yarn  Reeling.— Manufacture  of  Threads,  Twines,  and 
Cords.— Rope  Making.— The  Mechanical  Department.— Modern  Mill  Construction. - 
Steam  and  Water  Power.— Power  Transmission. 

"  Meets  the  requirements  of  the  Mill  Manager  or  Advanced  Student  in  a  manner 
perhaps  more  than  satisfactory.  .  .  .  We  must  highly  commend  the  work  as  repre- 
senting up-to-date  practice." — Nature. 


In  Large  Svo,  Handsome  Clothe  with  Numerous  Illustrations.     9s.  net. 

TEXTILE  FIBRES  OF  COMMERCE. 

A  HANDBOOK  OF 

The  Concurrence,  Distribution,  Preparation,  and  Industrial  Uses  of  the 
Animal,  Vegetable,  and  Mineral  Products  used  in  Spinning  and  Weaving. 

By  WILLIAM  I.  H ANNAN, 

Lecturer  on  Botany  at  tbe  Ashton  Municipal  Technical  School,  Lecturer  on  Cotton 
Spinning  at  the  Chorley  Science  and  Art  School,  &c. 
"  Useful  Infoemation.  .  .  .   Admirable  Illustrations.  .  .  .  The  information  is  not 
easily  attainable,  and  in  its  present  convenient  form  will  be  valuable."—- y^ar^i^fi  Recorder. 


In  Large  Svo,  with  Illustrations  and  Printed  Patterns.    Price  2 is. 

TEXTILE    I>RINTING  : 

A  PRACTICAL  MANUAL. 
Including  the  Processes  Used  in  the  Printing  of 
COTTON,  WOOLLEN,  SILK,  and  HALF- 
SILK  FABRICS. 

By  C.  F.  SEYMOUR  ROTH  WELL,  F.C.S., 

Mem.  Soc.  of  Chem.  Ind. ;  late  Lecturer  at  the  Munic.  Tech.  School.  Manchester. 
"  By  FAR  THE  BEST  and  MOST  practical  book  on  TEXTILE  PRINTING  which  has  yet  been 
brought  out,  and  will  long  remain  the  standard  work  on  the  subject.    It  is  essentially 
practical  in  character."— iTejc^zZe  Mercury. 
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Large  8vo.    Handsome  Cloth.    12s.  6d. 

BLEACHING  &  CALICO-PRINTING. 

A  Short  Manual  for  Students  and 
Practical  Men. 


By    GEORGE  DUERR, 

^Director  of  the  Uleaching,  Dyeing,  and  Printing  Department  at  the  Accrington  and  Bacup 
Technical  Schools ;  Chemist  and  Colourist  at  the  Irwell  Print  Works. 

Assisted  by  WILLIAM  TURNBULL 

(of  Turnbull  &  Stockdale,  Limited). 

With  Illustrations  and  upwards  of  One  Hundred  Dyed  and  Printed  Patterns 
designed  specially  to  show  various  Stages  of  the  Processes  described. 

GENERAL  CONTENTS.— Cotton,  Composition  of;  Bleaching,  New 
jProcesses  ;  Printing,  Hand-Block  ;  Flat-Press  Work ;  Machine  Printing — 
Mordants— Styles  of  Galico-Printing  :  The  Dyed  or  Madder  Style,  Resist 
Padded  Style,  Discharge  and  Extract  Style,  Chromed  or  Raised  Colours, 
Insoluble  Colours,  &c.  —  Thickeners  —  Natural  Organic  Colouring  Matters 
— Tannin  Matters  —  Oils,  Soaps,  Solvents — Organic  Acids — Salts — Mineral 
Colours— Coal  Tar  Colours — Dyeing — Water,  Softening  of — Theory  of  Colours 
—Weights  and  Measures,  &c. 

"  When  a  ready  wat  out  of  a  difficulty  is  wanted,  it  is  in  books  like  this  that  it  is  found."— 
Textile  Recorder. 

"  Mr.  Duerr's  WORK  will  be  found  MOST  USEFUL.  .  .  .  The  information  given  is  of  ORBAr 
VALUE.   .   .   .   The  Recipes  are  THOROUGHLY  PRACTICAL."— TeajiiZg  ilfaww/aciwrer. 


Just  Published.   In  Handsome  Cloth.    With  76  Illustrations.   5s.  net. 

DYEING  AND  CLEANING. 

By   frank   J.    FAREELL,   M.Sc,  &c. 

General  Contents.— Technology  of  the  Textile  Fibres.  —  Dry 
Cleaning.  —  Wet  Cleaning.  —  Dyeing. — Dry  Dyeing.  —  Special  Methods, 
Cleaning  and  Dyeing  Skin  Rugs,  Feathers,  and  Hats. — Finishing. — 
Appendices.  — Index. 

This  practical  and  exhaustive  handboofi  will  be  found  of  unusual 
value  to  those  engaged  in  or  interested  in  the  art  of  Dyeing  and 
Cleaning. 


lONDON:  CHARLES  GRIFFIN  &  CO..  LIMITED,  EXETER  STREET-  STRAND. 


INTRODUCTORY  SCIENCE  SERIES, 


"Boys  COULD  NOT  HAVE  A  MORE  ALLURING  INTRODUCTION  tO  scientific  pursulU 

than  these  charming-looking  volumes. "--Letter  to  the  Publishers  from  the  Head- 
'Piaster  of  one  of  our  great  Public  Schools. 

Handsome  Cloth,  7s.  6d.    Gilt,  for  Presentation,  8s.  6d. 

OPEfl-JlIII  STUDIES  111  BOTflHV: 

SKETCHES   OF  BRITISH   WILD  FLOWERS 

IN  THEIR  HOMES. 

By  R.  LLOYD  PRAEGER,  B.A.,  M.R.I.A. 

^Illustrated  by  Drawings  from  Nature  by  S.  Rosamond  Praeger, 
and  Photographs  by  R.  Welch. 

General  Contents. — A  Daisy -Starred  Pasture — Under  the  Hawthorne 
— By  the  River — Along  the  Shingle — A  Fragrant  Hedgerow — A  Connemara 
IBog — Where  the  Samphire  grows — A  Flowery  Meadow — Among  the  Corn 
(a  Study  in  Weeds) — In  the  Home  of  the  Alpines — A  City  Rubbish- Heap— 
•Glossary. 

"A  FRESH  AND  STIMULATING  book  .  .  .  should  take  a  high  place  .  .  .  The 
Illustrations  are  drawn  with  much  skill."— TAe  Times. 

"BEAUTIFULLY  ILLUSTRATED.      .     .      .     One  of  the  MOST  ACCURATE  aS  Well  at 

INTERESTING  books  of  the  kind  we  have  seen." — Athenceum. 

"Redolent  with  the  scent  of  woodland  and  meadow." — The  Standard. 


With  12  Full-Page  Illustrations  from  Photographs.  Cloth. 
Second  Edition,  Revised.     8s.  6d. 

OPE|l-fllR  STUDIES  Hi  GEOIiOGY: 

An  Introduction  to  Geology  Out-of-doors. 

By   GRENYILLE  A.  J.  COLE,  F.G.S.,  M.R.LA., 

Professor  of  Geology  in  the  Royal  College  of  Science  for  Ireland, 
and  Examiner  in  the  University  of  London. 

General  Contents. — The  Materials  of  the  Earth — A  Mountain  Hollow 
—Down  the  Valley — Along  the  Shore — Across  the  Plains — Dead  Volcanoes 
—A  Granite  Highland— The  Annals  of  the  Earth— The  Surrey  Hills— The 
'If  olds  of  the  Mountains. 

"The  FASCINATING  ' QpEN-AiR  STUDIES'  of  Pkof.  Oole  give  the  subject  a  glow  of 
ANIMATION   .    .   .   cannot  fail  to  arouse  keen  interest  in  geology.''— Geological  Magazine. 
"A  CHARMING  BOOK,  beautifully  illustrated."  —^i!/ien«Mm. 


.Beautifully  Illustrated.    With  a  Frontispiece  in  Colours,  and  Numerous 
Specially  Drawn  Plates  by  Charles  Whymper.    7s.  6d. 

OPEJl-illH  STUDIES  Hi  BiRD-liIFE: 

SKETCHES  OF  BRITISH  BIRDS  IN  THEIR  HAUNTS. 

By   CHARLES  DIXON. 
The  Spacious  Air. — The  Open  Fields  and  Downs. — In  the  Hedgerows. — On 
Open  Heath  and  Moor.— On  the  Mountains. — Amongst  the  Evergreens. — 
Copse  and  Woodland. — By  Stream  and  Pool. — The  Sandy  Wastes  and  Mud- 
flats.— Sea-laved  Rocks. — Birds  of  the  Cities. — Index. 

Enriched  with  excellent  illustrations.  A  welcome  addition  to  all  libraries." — IVest' 
■jninster  Review. 
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CHARLES  GRIFFIN     CO.'S  PUBLICATIONS, 


Twenty-fifth  Annual  Issue,    Handsome  cloth,  78.  6cl. 
(To  Subscribers,  6s,). 

THE    OFFICIAL  YEAR-BOOK 


SCIENTIFIC  AND  LEARNED  SOCIETIES  OF  GREAT  BRITAIN 
AND  IRELAND. 

COMPILED  FROM  OFFICIAL  SOURCES. 

Comprising  {together  with  other  Official  Information)  LISTS  of  the 
PAPERS  read  during  the  Session  1907-1908  before  all  the  LEADING^ 
SOCIETIES  throughout  the  Kingdom  engaged  in  the  following  Depart- 
ments of  Research  ;— 

§  I.  Science  Generally :  i.e..  Societies  occupy- 
ing themselves  with  several  Branches  of 
Science,  or  with  Science  and  Literature 
jointly. 

§  2.  Mathematics  and  Physics. 
§  3.  Chemistry  and  Photography. 
§  4.  Geology,  Geography,  and  Mineralogy. 
§  5.  Biology,  including  Microscopy  and  An- 
thropology. 


6.  Economic  Science  and  Statistics. 

7.  Mechanical  Science,  Engineering,  and> 


Architecture. 
§  8.  Naval  and  Military  Science. 
§  g.  Agriculture  and  Horticulture. 
§  10.  Law. 
§11.  Literature 
§  12.  Psychology. 
§  13.  Archseology. 


§  14.  Medicine. 


Fills  a  very  real  want." — Engineering, 
"  Indispensable  to  any  one  who  may  wish  to  keep  himself 
abreast  of  the  scientific  work  of  the  day." — Edinburgh  Medical 
Journal, 

"  The  Year-Book  of  Societies  is  a  Record  which  ought  to  be  of  the  greatest  use  for 
the  progress  of  Science.'*— Zrg^d?  Play/air,  F.R.S.,  K.C.B.,  Past-President  of  the 

British  Association. 

"  It  goes  almost  without  saying  that  a  Handbook  of  this  subject  will  be  in  time 
one  of  the  most  generally  useful  works  for  the  library  or  the  desk." — Th^  Times. 

"British  Societies  are  now  well  represented  In  the  ' Year-Book  of  the  Scientific  and- 
Learned  Societies  of  Great  Britam  and  Ireland.'" — (Art.  "Societies"  in  New  Edition  of 
"Encyclopaedia  Britannica,"  vol.  xxii.) 


Copies  of  the  First  Issue,  giving  an  Account  of  the  History, 
Organization,  and  Conditions  of  Membership  of  the  various 
Societies,  and  forming  the  groundwork  of  the  Series,  may  still  be 
had,  price  7/6.    Also  Copies  of  the  Issues  following. 


The  YEAR-BOOK  OF  SOCIETIES  forms  a  complete  index  to  the  scientific  work  of  the 
sessional  year  in  the  various  Departments.  It  is  used  as  a  Handbook  in  all  our  greafc 
Scientific  Centres,  Museums,  and  Libraries  throughout  the  Kingdom,  and  has  become 
an  indispensable  book  of  reference  to  every  one  engaged  in  Scientific  Work. 

READY  IN  OCTOBER  EACH  YEAR, 
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